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[57] ABSTRACT

Cyclosporins whercin the residuce at the 1-position (Lypically
-McBmt- or -dihydro-McBmt-) is 3'O-acylated or 3'-0x0 or
-C4_4alkoxyimino substituted, or wherein the residuc at the
2-position is B-O-acyl or B-oxo substituted, or whercin the
residuc at the 2-position is -1lc-, or whercin the residuc at the
11-position is -McAls-, -Mcllc- or -Mcallolle- as wcll as
various naturally occurring cyclosporins/dihydro-dcriva-
tives thercof, arc uscful in reversing resistance to chemo-
therapy, in particular resistance to cytostatic or anti-ncoplas-
tic therapy. Various of these cyclosporins and intermediates
for thcir production arc novel. Intcrmediates whercin the
residuc (¢.g. -McBmt-, -dihydro-MeBmt- ctc.) at the 1-po-
sition is 8'-alkoxy or 7'-desmcthyl-7'-hydrocarbyl substi-
tutcd arc novel and uscful as immunosuppressants, anti-
inflammatory and anti-parasitic agents.

S Claims, No Drawings
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1

CYCLOSPORINS AND THEIR USE AS
PHARMACEUTICAI.S

This is a continuation of application Scr. No. 08/067/274,
filed May 24, 1993 and now abandoncd, which 1s a con-
tinuation of application Ser. No. 07/874,676, filcd Apr. 27,
1992, which in turn is a continuation of application Scr, No.
07/704,758, filed May 23, 1991 which in turn is a continu-
ation of application Ser. No. 07/208,422, {ilcd Jun, 17, 1988,
the latter threc of which are now abandoncd.

3

10

The present invention relates to a ncw usc, in particular

a new pharmaccutical use, for cyclosporins, as well as to
ncw cyclosporins as novel compounds per sc.

The cyclosporins comprisc a class of structurally distinc-
tive, cyclic, poly-N-methylatcd undccapeptides, generally
possessing pharmacological, in particular immunosuppres-
sive, anti-inflammatory and/or anti-parasitic activity, cach to
a greater or lesser degree. The first of the cyclosporins to be
isolated was thc naturally occurring fungal mctabolite
Ciclosporin or Cyclosporine, also known as cyclosporin A
and now commercially availablc undcr the registerced trade-
mark SANDIMMUN®. Ciclosporin is the cyclosporin of
formula A

] 2 2 4 5 6 / 8

15

20

2

-McBmt- residuc is present in isomeric form (c.g. in which
the configuration across positions 6' and 7' of the -McBmt-
residuc is cis rather than trans); and cyclosporins wherein
variant amino acids arc incorporated at specilic positions
within the peptide scquence employing c.g. the total syn-
thetic method for the production of ¢cyclosporins developed
by R. Wenger—sce c.g. Traber ct al. 1, Traber ct al. 2 and
Kobel ct al. loc. cit.; U.S. Pat. Nos. 4,108,985, 4,210,581,
4,220,641, 4,288,431, 4,554,351 and 4,396,542; Kuropcan
Patcnt Publications Nos. 0 034 567 and O 056 782; Intcr-
national Patent Publication No. WO 86/02080; Wenger 1,
Transpl. Proc. 15, Suppl. 1:2230 (1983); Wenger 2, Angew.
Chem. Int. Ed., 24, 77 (1985); and Wenger 3, Progress in the
Chemistry of Organic Natural Products 50, 123 (1986).
The class compriscd by the cyclosporins is thus now very
large indecd and includes, for cxample, {The}*, [Val}*-,
[Nva]”- and [Nva]*~[Nva]>-Ciclosporin (also known as
cyclosporins C, D, G and M respectively), [3-O-acetyl-
McBmt)'-Ciclosporin (also known as cyclosporin A
acctate),  [Dihydro-McBmt]'-[Val}*-Ciclosporin  (also
known as dihydro-cyclosporin D), [Iso-McBmt)'-|[Nva]*-
Ciclosporin (also known as isocyclosporin G), [(1D)Ser]®-
Ciclosporin, [Mclle]!!-Ciclosporin, [(D)McVal]*!-

— McBmt— o Abu—Sar—Mel cu—Val-—Mel .cu-—Ala-—-(I))Ala— Mecl cu—Mel cu—MeVal (A)
f 9 10 11 _I

whercin -McBmt- represents thc N-methyl-(4R)-4-but-2kE-
cn-1-yl-4-methyl-(L)threonyl] residuc of formula B

(3')(|3H:1
(7')1:
(6)y
N\
(|3H2(5‘)
HO CH
NG/ )\
?H CH;
N—CH—CO—
@ W
CHj
in which —x—y— is trans —CH=CH— and the position
2', 3' and 4' have the configuration S, R and R respectively.
Since the original discovery of Ciclosporin, a widc varicty
of naturally occurring cyclosporins have been isolated and
identificd and many further non-natural cyclosporins have
been prepared by total- or semi-synthetic means or by the
application of modified culturc tcchniques. The class com-
prised by the cyclosporins is thus now substantial and
includes, for example, the naturally occurring cyclosporins
A through Z [c.f. Traber et al. 1, Helv., Chim. Acta, 60,
1247-1255 (1977); Traber ¢t al. 2, Helv. Chim. Acta, 635,
1655-1667 (1982); Kobel ¢t al., Europ. J. Applicd Micro-
biology and Biotechnology 14, 237-240 (1982); and von
Wartburg ct al., Progress in Allergy, 38, 28-45 (1986)], as
wcll as various non-natural cyclosporin derivatives and
artificial or synthetic cyclosporins including the dihydro-
and iso-cyclosporins [in which the moicly —x--—y— of the
-MeBmt- residue (Formula B above) is saturated to give
X—Yy CH,—CH,—/thc linkage of the residuc
-MeBmt- to the residue at the 11-position of the cyclosporin
molccule (Formula A above) is via the 3'-O-atom rather than
the o-N-atom]; derivatised cyclosporins (¢.g. in which the
3'-O-atom of the -MeBmt- residuc is acylated or a further
substituent is introduced at the o-carbon atom of the sarco-
syl residue at the 3-position); cyclosporins in which the

(B)
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Ciclosporin (also known as cyclosporin H), [McAla]®-
Ciclosporin, [(D)Pro]?-Ciclosporin and so on.

[In accordancc with conventional nomenclature for
cyclosporins, these are defined throughout the present speci-
fication and claims by rcfcrence to the structure of
Ciclosporin (i.c. Cyclosporin A). This is donc by first
indicating the amino acid residucs present which difler from
those present in Ciclosporin (c.g. “[(D)Pro]”” to indicate that
the cyclosporin in question has a -(D)Pro- rather than -Sar-
residuc at the 3-position) and then applying the term
“Ciclosporin” to characterisc remaining residucs which are
identical to thosc present in Ciclosporin,

The residuc -McBmt- at position 1 in Ciclosporin was
unknown beforc the discovery of the cyclosporins, This
residuc and variants or modifications of it, ¢.g. as described
bclow, are thus gencrally characteristic of the cyclosporins.,
In genceral, variants or alternatives to [MeBmt]' arc defined
by reference to the -MeBmt- structure. Thus for dihydrocy-
closporins in which the moicty —x—y-— (scc formula B
above) is reduced to —CH,—CH,—, the residuc at the
1-position is dcfined as *“-dihydro-McBmt-"’, Where the
configuration across the moicly —x—y-— is cis rather than
trans, the resulting residuc is defined as “-cis-McBmt-”,

Where portions of the -McBmt- residuc are deleted, this
is indicated by defining the position of the delction, cmploy-
ing the qualificr “des” to indicate delction, and then defining
thc group or atom omittcd, prior to the determinant
““McBmt-", “-dihydro-McBmt-", “-cis-McBmt-" ctc, Thus
“-N-desmethyl-MeBmt-”, “-3'-desoxy-McBmt-" and “-3'-
desoxy-4'-desmethyl-McBmt-” arc the residucs of Formula
B!, B% and B° respectively:
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(B',B%B%)

B'—X=CH,, Y=0H, Z=H.

B*—X=CH,, Y=H, Z=CH.,

B°>—X=H, Y==H, Z—CH..

Where positions or groups, e.g. in -MeBmt-, are substi-
tuted, this is represented in conventional manner by defining
the position and nature of the substitution. Thus -3'-O-
acetyl-MeBmt- 1s the residue of formula B in which the
3'-OH group is acetylated (3'-O—COCH,). Where substitu-
ents or groups, in e.g. -MeBmt-, are replaced, this is done by
1) indicating the position of the replaced group by “des-
terrminology”™ as described above and ii) defining the replac-
ing group. Thus -7'-desmethyl-7'-phenyl-MeBmt- is the resi-
due of formuila B above in which the terminal (8') methyl
group is replaced by phenyl. 3'-Desoxy-3'-oxo-MeBmt- is
the residue of formula B above in which the 3'-OH group is
replaced by =0O.

In addition, amino acid residues referred to by abbrevia-
tion, e.g. -Ala-, -MeVal- and -aAbu-, are, in accordance with
conventional practice, to be understood as having the (L)-
configuration unless otherwise indicated, e.g. as in the case
of “~-(D)Ala-". Residue abbreviations preceded by “Me” as
in the case of “-MeLeu-", represent o-N-methylated resi-
dues. Individual residues of the cyclosporin molecule are
numbered, as in the art, clockwise and starting with the
residue -MeBmt-, -dihydro-MeBmt- etc. . . . in position 1.
The same numerical sequence is employed throughout the
present specification and claims.

Because of their unique pharmaceutical potential, the
cyclosporins have attracted very considerable attention, not
only in medical and academic circles, but also in the lay
press. Cyclosporin itself is now commonlty employed in the
prevention of rejection following allogenic organ, e.g. heart,
heart-lung, kidney and bone-marrow transplant, as well as,
more recently, in the treatment of various auto-immune and
related diseases and conditions. Extensive work has also
been performed to investigate potential utility in the treat-
ment of various parasitic diseases and infections, for
example coccidiomycosis, malaria and schistosomiasis.
Reports of investigative work into the potential utility of the
very many other known cyclosporins in these or related
indications now abound in the literature.

In accordance with the present invention it has now
surprisingly been found that particular cyclosporins are
useful in increasing sensitivity to other chemotherapy and,
in particular, of affecting reversal of resistance, whether
induced or inherent, to other chemotherapy.

Increased resistance to chemotherapeutic therapy follow-
ing treatment over shorter or longer periods of time, gener-
ally following relatively prolonged chemotherapeutic medi-
cation, 1s a wide-spread phenomenon which has long been
recognised and is widely documented in the art. The classic
example 1s the increased or induced resistance of parasitic,
in particular bacterial, viral or protozoal, organisms, follow-
ing long-term or wide-spread medication employing indi-
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4

vidual drug-substances. In such instances the infecting
organism becomes, with time, resistant to the drug substance
to a greater or lesser degree and concomitantly difficult to
combat or treat. An analogous phenomenon is observed in
relation to the chemotherapeutic treatment of cancers, e.g.
treatment of carcinomas, sarcomas or other tumors or malig-
nant growths.

Chemotherapeutic treatment of cancers, e.g. by adminis-
tration of drug substances, in particular anti-neoplastic or
cytotoxic drugs, for example colchicine, etoposide, tenopo-
side, adriamycin, daunorubicin and vincristine, as a4 means
of reducing, inhibiting or otherwise limiting tumor growth
or metastasis, remains a first line approach to the treatment
of cancers of various type. However it is commonly found
that, while tumors may be susceptible to therapy initially, as
{freatment continues, resistance to such therapy develops,
resulting 1n a decline in therapeutic efficacy. Where, as is
common, in particular in the treatment of late-phase or
termunal cancers, pleiotropic or muiti-drug therapy is
employed, multi-drug resistance commonly ensues. Analo-
gous difficulties arise, e.g. in cases where particular forms of
chemotherapeutic treatment have long been practiced and,
for example, resistant strains of micro-organism arise which
have developed an inherent or innate resistance. So too,
particular forms of cancer or tumor are frequently encoun-
tered which exhibit an innate resistance to, or reduced level
of sensitivity to, commonly employed anti-neoplastic or
cytostatic drug therapy.

In accordance with the present invention it has been found
that the cyclosporins hereinafter defined are useful in
Increasing sensitivity to, or increasing the efficacy of, che-
motherapeutic drug therapy and, in particular, are useful in
reversing chemotherapeutic drug resistance of varying types
(e.g. acquired or innate), or in increasing or restoring sen-
sitivity to administered drug therapy. Forms of chemothera-
peutic drug therapy to which the present invention is appli-
cable include, for example, anti-parasitic, e.g. anti-viral,
anti-bacterial or anti-protozoal chemotherapy and, in par-
ticular, anti-neoplastic or cytostatic chemotherapy.

Cyclosporins suitable for use in accordance with the

present invention are definable under various classes as
follows.

Class 1

A cyclosporin wherein the 3'-carbon atom of the residue
at the 1-position or the B-carbon atom of the residue at the
2-position is O-acyl or oxo substituted.

Preferred cyclosporins of this class are those:

la) Wherein the 3'-carbon atom of the residue at the
1-position is O-acyl substituted.
When the 3'-carbon atom of the residue at the 1-position
18 O-acyl substituted, the residue at the 2-position may also
be B-O-acylated.
A preferred group of cyclosporins of type 1a) are those:

1a') Wherein the residue at the 1-position is a -3'-O-acyl-
MEBmt- or -3'-O-acyl-dihydro-MeBmt- residue of for-
mula I
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(1)

CH,

NO7N

?H CH,

N—CH—CO—

| (S)
CH,

wherein X—Yy is —CH,—CH,-- or {trans
—CH=CH— and ACYL' represents an acyl group.

Suitable acyl groups as ACYL' in formula I, arc thosc of
formula R,—CO— and R,—O—CO-- whercin R, is
C,.4alkyl or C, ,azidoalkyl and R, is C, ,alkyl, c.g. dcctyl
4-azidobutanoyl or mcthoxycarbonyl Preferably ACYL! s
a group of formula R,—CO—, in which casc R, 18 preler-
ably C, ,alkyl. Most prcfcrably R,—CO— is acetyl.

Alkyl groups as or comprising R, and R, may bc
branched or straight chain, Prcicrably thcy arc straight
chain. R, is most preferably methyl.

Especially preferred cyclosporins of group 1a' arc thosc
of the formula II or II'

10

15
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Alkyl groups as R, may bc branched or %lrmghl chain.
Prclcrably thcy arc strai ght chain. Suitably ACYIL.” is acetyl.
When X in formula II is other than -Sar-, it is suitably
~(D)Ala-.
Examples of cyclosporins of this class suitable {or usc in
accordance with the prcscnt invention arc:
1.1 [3-O-Acctyl-McBmt ]’ ~(‘1c:losp0rm
[3"-O-Acctyl- McBmt] [Vall? Ciclosporin;
[3"-O-Accetyl- McBmt] -[Thr]” Clclmponn
3' -0-Acctyl- McBmt] -[Nva}*-Ciclos sporm,,
3-0-Acelyl- McBmt] -|Nva]*- [Nva] -Ciclosporin;
3-0-Acctyl- McBmt] [(D)Ald] -Ciclosporin;
3'-0-Acctyl- McBmt] -[Nval” [(D)Ald] -Ciclosporin;
3-0-Acclyl- McBmt] -[(D)McVal]''-Ciclosporin;
3'-0-Acctyl-McBmt)* IVal]“-Cl(,lmponn
0 [3'-O-Acetyl-dihydro-MeBmt}'-Ciclosporin;
11 [3'-O-Mcthoxycarbonyl- McBmt]l—(“lclmporm
1.12 [3"-O-(4- A/ldobulan()¥l) -McBmt)' Clclmporm
1.13 [3-O-Acetyl-McBmt] " -[O-accty] rlhr] -Ciclosporin;
1.14 [3'-O-Acctyl-N-desmethyl-MeBmt]'-[O-acetyl-Thr]*-
Ciclosporin; and
1.15 [3'-O-Acctyl-McBmt]'~[O-acctyl-(D)Ser]®-
Ciclosporin;
Preferred cyclosporing {for usc in accordance with the
invention arc cyclosporins 1.1 to 1.10 inclusive and 1.15

abovc and, most cspecially, cyclosporins 1.1, 1.2, 1.3, 1.4,
1.10 and 1.15.

T

1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
1.1
1.

(1)

(11

A—B—X—Mecleu—Y —Meclcu—Ala—(D)Ala—Mecl cu—Mcl.cu—McVal
1 2 3 4 5 6 7 8 9 10 11 4‘
A—B—X—Meleu—Y —Mel cu—Ala— W —Mcl .cu—Mel cu—MeVal —
1 2 3 4 5 6 7 8 9 10 11
wherein

A is a residue as defined under 1a'! above

B is -aAbu-, ~Thr-, -Val-, -Nva- or thc¢ rcsiduc of a
B-O-acyl-oi-amino acid,

X is -Sar- or the residuc of an optically active, o-N-

mcthylated o-amino acid residuc having the (D)-con- 4,

figuration,
Y is -Val- or additionally, when B is -Nva-, -Nva-, and

W is the residuc of a B-hydroxy- or -O-acyl-o-amino
acid having thc (D)-configuration.

When B is a B-O-acyl-o-amino acid residuc, this will
gencrally have the (L) configuration. Suitably it 1s a
residue of formula 111

(l)'--'-'I"LCYL2
B?H —CH;
—NH—CH—CO—
(L)

Wherein ACYL? represents an acyl group. Preferably it is
an O-acyl-(L)-thrconyl residuc.

W is suitably -(D)Ser- or -(D)Thr- or O-acyl-(D)Scr- or
O-acyl-(D)Thr- of formula HI

(I)-—-ACYL?
B?H-———-R
—NH—CH—CO—
(D)

(1M)

(1)

Wherein ACYL? has the meaning given for formula 11
and R is hydrogen or mcthyl.

Preferred acyl groups as ACYL? in formula Il and 11I' arc

those of the formula R;—CO— whercin R, 18 C,_4alkyl.
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A further group of cyclosporins of type la are those:

1a”) Whercin the residue at the 1-position is a -3'-O-acyl-
8'-C, g-alkoxy- -cis-McBmit- or -dihydro-McBmt- resi-
duc of the formula IV

1.14 (1V)
X
|
\
(IJHQ_
ACYI —0O CH
\R)/
(ljil (R) CH,3
-N—CH—CQOQ—
| ()
Cll,
wherein

C, qalkoxymethyl and ACYL' represents an acyl
group.

Hspecially suitable as acyl groups in formula 1V are thosc
of formula R.—CO— whercin Ry is C,_jalkyl.

Alkyl groups as Ry, as well as alkyl moictics comprising
R,, may bc branched or straight chain. Prelcrably they arc
straight chain. Prcferably R, is C,_calkoxymethyl. ACYL'in
formula 1V is suitably acetyl.

Especially preferred eyclosporins of group 1a” arc thosc
of formula II as illustrated above, whercin A is a residuc of
formula IV as dcfined above, B has thc mcanings given for
formula II, X is -Sar- and Y is -Val-.

Examplcs of cyclosporins of group 1a?, suitable for use in
accordance with the present invention arc:

1.16 [3-O-acetyl-8'-methoxy-cis-MceBmt}' -Ciclosporin;
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1.17 [3'-O-acetyl-8'-t.butoxy-cis-MeBmt]'-Ciclosporin;

1.18 [3'-O-acetyl-8'-methoxy-cis-MeBmt]*-[O-acetyl-Thr]
*_Ciclosporin;

1.19 [3'-O-acetyl-8'-t.butoxy-cis-MeBmt]*-[O-acetyl-Thr]?-
Ciclosporin;

1.20 [3'-O-acetyl-8'-methoxy-cis-MeBmt]*-[ Val]*-
Ciclosporin; and

1.21 [3'-O-acetyl-8'-methoxy-cis-MeBmt]'-[Nval?-
Ciclosporin.
A further group of cyclosporins of type la are those:

1a°) Wherein the residue at the 1-position is a -3'-O-acyl-
cis-MeBmt-; a -3'-O-acyl-7'-desmethyl-7'-hydrocarbyl-
-MeBmt- or -cis-MeBmt- residue, wherein the hydro-
carbyl moiety comprises at least two carbon atoms; or
a -3'-O-acyl-7'-desmethyl-7'-hydrocarbyl-dihydro-
MeBmt- residue, wherein the hydrocarbyl moiety com-
prises at least two carbon atoms and wherein any
aliphatic group or moiety present in said hydrocarbyl
moiety 18 saturated.

These residues may be represented by the formula V

iliﬁ (V)
X
|
y
\
e
ACYLI—OQO CH
\NR/ \
(IJH (R) CH;
— N—CH—CO—
| (S)
CHs
wherein
X—y— 1is cis or trans —CH=CH— or —CH,—

CH,—,

R is hydrocarbyl and ACYL' represents an acyl group,
with the proviso that, when —x—y— is trans
—CH=CH— or —CH,—CH,—, R, comprises at
least two carbon atoms (i.e. is other than methyl), and
when —x—y— 1s —CH,—CH,— any aliphatic group
or moiety present as or in R is saturated.

Especially suitable as acyl groups in formula V are those
of formula R,—CO— wherein R, 1s C,_,alkyl, in particular
acetyl.

Hydrocarbyl groups as R include aromatic, aliphatic and
araliphatic groups, whereby aliphatic groups and moieties
may be branched or straight chain. Such groups may also
bear further substituents such as halogen or hydroxy or may
be unsubstituted.

Suitable hydrocarbyl groups as R, are alkyl, alkenyl,
alkinyl, phenyl, phenylalkyl, phenylalkenyl and phenylalki-
nyl, especially alkyl, alkenyl and alkinyl groups containing
maximally 20, preferably maximally 8 carbon atoms, and
phenyl, phenylalkyl and phenylalkinyl groups containing
maximally 12 carbon atoms.

Especially preferred groups R, are phenyl, phenyl-(C,_
aalkyl), C,_io-alkyl, C,  qalkenyl and C,_,,alkinyl, espe-
cially phenyl, and C,_.-alkyl.

When —x—y— in formula V is —CH,—CH,,~—, hydro-
carbyl groups as R, will include aromatic, saturated ali-
phatic and araliphatic groups in which the aliphatic moiety
1s saturated, e.g. including any such groups of this type as set
forth above.

Especially preferred cyclosporins of this group are those
of formula II as illustrated above, wherein A is a residue of

formula V as defined above, B has the meanings given for
formula II, X 1s -Sar- and Y is -Val-.
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8

Examples of cyclosporins of this group, suitable for use in

accordance with the present invention are:

1.22 [3'-O-acetyl-7"-desmethyl-7'-phenyl-MeBmt]}-
Ciclosporin;

1.23 [3'-O-acetyl-cis-MeBmt]'-Ciclosporin;

1.24 [3'-O-acetyl-7'-desmethyl-7'-vinyl-cis-MeBmt] -
Ciclosporin;

1.25  [3'-O-acetyl-7'-desmethyl-7'-vinyl-cis-MeBmt]'-[O-
acetyl-Thr]*-Ciclosporin;

1.26  [3'-O-acetyl-7'-desmethyl-7'-i.pentyl-cis-MeBmt] -
Ciclosporin;

1.27 [3'-O-acetyl-7'-desmethyl-7'-phenyl-cis-MeBmt]*-
Ciclosporin;

1.28  [3'-O-acetyl-7'-desmethyl-7'-n.propyl-cis-MeBmt]’-
Ciclosporin;
1.29  [3'-O-acetyl-7'-desmethyl-7'-(B-allyl)-cis-MeBmt]’-
- Ciclosporin; |
1.30 [3'-O-acetyl-7-desmethyl-7'-phenyl-MeBmt]*-[Val]?-
Ciclosporin;

1.31 [3'-O-acetyl-7'-desmethyl-7'-phenyl-cis-MeBmt] -
[Val]*-Ciclosporin; _

1.32 [3'-O-acetyl-7'-desmethyl-7'-vinyl-cis-MeBmt]*-[ Val]
*_Ciclosporin;

1.33 [3'-O-acetyl-7"-desmethyl-7'"-vinyl-cis-MeBmt]*-[Nva]
2-CiClOSp0ﬂn; and

1.34  [3'-O-acetyl-7'-desmethyl-7'-(3-bromo-n.propyl)-cis-
MeBmt]'-Ciclosporin;
A turther group of cyclosporins of CLLASS 1 are those:

1b) Wherein the B-carbon atom of the residue at the

2-position is O-acyl substituted, i.e. wherein the residue

at the 2-position is a 3-O-acyl-oi-amino acid residue,

and the residue at the 1-position is other than as defined
under 1a) above. |

When the residue at the 2-position is a B-O-acyl-o-amino

acid residue, this residue will generally have the (L) con-
figuration. Suitably it is a residue of formula HI"

?“ACYLE’
B?H—CHg
—NH—CH—CO—
(L)

in which ACYL” represents an acyl group. Preferably it is an

O-acyl-(L)-threonyl residue.
Suitable groups as ACYL" in formula ITI", are those of the

formula R;—CO— or R,—CO—RCO—, wherein R, has

the meanings given for formula III, R, is the residue of a
cyclosporin having a B-oxy-(L)-o-amino acid residue in the
2-position attached to the moiety —CO—R,CO— via the
B-oxygen atom of said residue, and Ry is C, g-alkylene.
Alkylene groups as Rg may be branched or straight chain.
Preferably they are straight chain. R, is preferably C,_,alky-
lene. Acyl groups of formula R,—CO— are generally
preferred, preferred significances for R,—CO— being as
hereinbefore set forth in relation to formula II1.
Particular cyclosporins of this group are those of formula
II as 1llustrated above, wherein A is -MeBmt- or -dihydro-
MeBmt-, B 15 a residue as defined under 1b above, e.g. of
formula III" as defined above, X is -Sar- and Y is -Val-.
Examples of such cyclosporins suitable for use in accor-
dance with the present invention are:
1.35 [O-Acetyl-Thr]*-Ciclosporin; and
1.36 1,2-Ethanedicarboxylic acid [O-threonyl]*-Ciclosporin
di-ester.
Cyclosporin 1.36 has the formula VI

(111"}
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|
CHj O—C—CHy-—
(lfH
—— MeBmt—NH—CH—CQO—Sar—Mcl .cu— Val—Meleu

(1)
L Ala—(D)Ala—MelLeu—Mel cu—MceVal -

:

A further preferred group of cyclosporins of CILASS 1 arc
those:

1¢) Wherein the 3'-carbon atom of thc residuc at the
1-position is oxo substitutcd.
When the 3'-carbon atom of the residuc at the 1-position
is oxo substituted this is suitably -3'-desoxy-3'-oxo-McBmt-
of formula VII

15

CH;j (VII)

CH

‘FRANS
cd

?Hg
0O CH

j/(R)\
CHj

—N-—CH~—~CO—
()
CHj

Especially preferred cyclosporins of this group arc thosc
of formula II as illustrated above, wherein A is a residuc of
formula VII above, B has thc mcanings given for formula I,
X 1s -Sar- and Y is -Val-.

A yet further group of cyclosporins of CLASS I are those:

1d) Wherein the B-carbon atom of the residuc at the
2-position is B-oxo substituted, i.c. wherein the residuc

at the 2-position is a B-oxo-o-amino acid residuc.
When the residuc at the 2-position is a -oxo-o-amino
acid residuc, this residue will gencrally have the (L) con-
figuration. Suitably it is -o-methylketo-Gly- of formula VI

25
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(VI)

whercin the residuc at the 1-position is a -3'-desoxy-
3'-(C,_salkoxyimino)-McBmt- residuc; or

ii) 'The residue at the 2-position 1s an (L.)-isolcucyl resi-
duc; or

iii) The residuc at the 11-position is an N-methyl-(L)-
alanyl, N-mcthyl-(L)-isolcucyl or N-mcthyl-(L.)-alloi-
solcucyl or N-methyl-(1.)-leucyl residuc.

-3'-Desoxy-3'-(C,_,atkoxyimino)-McBmt- rcsiducs  as
defined under (1) above have the formula IX
Clly (1X)
N\
CH
{
Cl] \
ﬁ:[lg
Rg-—0O—N Citl
T(R) \
CH,
—N—CI—CO—
Y
Clis

Wherein R, is C,_jalkyl.
Alkyl groups as Ry, may bc branched or straight chain.
Prcferably they are straight chain.
By N-mcthyl-(L)-alloisolcucyl (-Mcallolle-) as used
under (iii) above is meant the residuc of formula X
CoHs

(X)
(R) ,CHj
/

(‘JH
—~N—CH—CO—

| )
Clls

Prcferred cyclosporins of this class are those of formula
Xl

lew—7 — (XI)

Val-—Mel cu—Ala—(D)Ala—Mecl.cu—Me
f 10 11

3 6 / 8 9

|

Examples of cyclosporins belonging to groups 1c and 1d,
suitable for use in accordance with the present invention are:
1.37 [3"-Desoxy-3'-0xo-MeBmt]'-Ciclosporin;

1.38 [3"-Desoxy-3'-0xo-MeBmt]'-| Val]*-Ciclosporin;

1.39 {3'-Desoxy-3'-0xo-MeBmt)'-[Nva)*-Ciclosporin;

1.40 [oi-Methylketo-Gly]*-Ciclosporin; and

1.41 [Dihydro-MeBmt]'-[ai-methylketo-Gly]*-Ciclosporin,
Cyclosporins 1.37 to 1.39 arc cspecially preferred.

35

60

Class 2

A cyclosporin wherein:

i) The 3'-carbon atom of the residuc at the 1-position is
C,_,alkoxyimino substituted, c¢.g. a cyclosporin

635

wherein

A is -McBmt-, -dihydro-MeBmt- or a residuc as defined
under (i) above,

B is -0lAbu-, -Thr-, -Val- or -Nva- or additionally, when
A is -McBmt- or -dihydro-McBmt-, -ll¢c-, and
when
A is -McBmt- or -dihydro-MeBmt- and
B is -otAbu-, -Thr-, -Val- or -Nva-,
/. 1s -McAla-, -Mclle-, -Mcallolle- or -MecL.cu-, or
when

A is a residue as defined under (i) above or
when

B is -Ilc-,
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Z 1s -MeVal-.

Examples of such cyclosporins suitable for use in accor-
dance with the present invention are:

2.1 ‘[3‘—Desoxy-3'-methoxyinﬁno-MeBmt]I-Ciclosporin;
2.2 [lle]*-Ciclosporin;

2.3 [MeAla]''-Ciclosporin;

2.4 [Melle]*'-Ciclosporin; and

2.5 [Meallolle]"*-Ciclosporin; and

2.6 [MeLeu]"'-Ciclosporin.

Of this class, cyclosporins wherein the residue at the
2-position has the meaning given under (ii) above, espe-
cially cyclosporin 2.2, are preferred.

Cyclosporins wherein the residue at the 11-position has
the meaning given under (iii) above, e.g. cyclosporins 2.4

and 2.5, are also of particular interest.
Class 3

Cyclosporins of formula XTI as illustrated above wherein:
Z 1s -Val- or -MeVal-:
when
Z is -Val-,
A is -MeBmt- or -dihydro-MeBmt-; or
when

Z. 15 -MeVal-

A 1s -3'-desoxy-MeBmt-, 3'-desoxy-dihydro-MeBmt-, -N-
desmethyl-MeBmt-, -N-desmethyl-dihydro-MeBmt-,
-3'-desoxy-4'-desmethyl-dihydro-MeBmt- or -MeLeu-:
and

when

Z 1s -Val-,
B 1s -0Abu- or -Thr-;
when
Z. 18 -MeVal- and
A 18 -3'-desoxy-MeBmt-, -3'-desoxy-dihydro-MeBmit-,
-3'-desoxy- 4'-desmethyl-dihydro-MeBmt- or -Me-
Leu-,
B i1s -0tAbu-; or
when
Z is -MeVal- and

A 1s -N-desmethyl-MeBmt- or -N-desmethyl-dihydro-
MeBmit-,

B is -Thr-.

Cyclosporins of this class are:

3.1. [Val]*'-Ciclosporin (also known as cyclosporin E);
3.2. [Dihydro-MeBmt]'-[Val]*'-Ciclosporin (or dihydrocy-

closporin E);

3.3. [3'-Desoxy-MeBmt]'-Ciclosporin (or cyclosporin F);
3.4. [3'-Desoxy-dihydro-MeBmt]'-Ciclosporin (or dihydro-

cyclosporin F);

3.5.  [N-Desmethyl-MeBmt]'-[Thr]*-Ciclosporin

cyclosporin P);

3.6. [N-Desmethyl-dihydro-MeBmt]"-[Thr]*-Ciclosporin

(or dihydrocyclosporin P);

3.7. [Thr]*-[Val]*'-Ciclosporin (or cyclosporin W);
3.8. [Dihydro-MeBmt]'-[Thr]*-[Val]'!-Ciclosporin

dihydrocyclosporin W);

3.9. [3'-Desoxy-4'-desmethyl-dihydro-MeBmt} -

Ciclosporin (or cyclosporin Z);

3.10. [MeLeu]'-Ciclosporin (or cyclosporin 28).

Various acylated cyclosporins of group la), in particular
group 1a'), and group 1b) are known. Thus cyclosporins 1.1,
1.4, 1.8, 1.9, 1.13, 1.14 and 1.34 are known from and are
described, together with processes for their production, e.g.
from Traber et al., Helv. Chim. Acta, 60, 1247 et seq. (1977),
63, 1655 et seq. (1982), 70, 13 et seq. (1987); Kobel et al.,

(or

(or
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Europ. J. Applied Microbiology, Biotechnology 14, 273 et
seq. (1982); and von Wartburg et al., Progress in Allergy, 38,
28 et seq. (1986).

Cyclosporins 1.2, 1.3, 1.5, 1.6, 1.7 and 1.10 are new and
form part of the present invention as novel compounds per
se. Cyclosporins 1.2, 1.5 to 1.7 and 1.10 may be prepared
analogously to the methods described in the art, e.g. for the
preparation of cyclosporin 1.1., by acetylation of the corre-
sponding cyciosporins wherein the residue at the 1-position
1s -MeBmt- or -dihydro-MeBmt-. The cyclosporin starting
materials are known, in the case of cyclosporins 1.6 and 1.7
from e.g. European patent publication no. 0 194 972. The
product cyclosporins have the following physical character-
18t1CS:

Physical data;

1.2 [ot] 5™ = ~328° (c = 0.97 in CHCl,)
1.5 (@]p*® = -250° (c = 1.0 in CHCL,)

1.6 a]p?° = —302.6° (c = 0.5 in CHCl,)
1.7 o}p? = —296.2° (¢ = 0.5 in CHCl;)
1.10 0]p?° = —293° (¢ = 0.55 in CHCl,)

In general, when the residue at the 2-position in the
cyclosporin starting material is a [-hydroxy-camino acid
residue, for example -Thr-, the 3-OH group at this position
will be more readily susceptible to reaction than the 3'-hy-
droxy, e.g. of -MeBmt- or -dihydro-MeBmt-, at the 1-posi-
tion. Cyclosporins wherein the residue at the 2-position, but
not the residue at the 1-position, is acylated [as in the case
of group 1b) cyclosporins, for example cyclosporin 1.35) or
wherein both the residue at the 1- and 2-position is acylated
[as in the case of cyclosporins 1.13 and 1.14 of group 1a']
may thus be readily obtained, according to, or analogously
to, the methods described in the art, taking advantage of this
relative difference in reactivity. To produce cyclosporins
wherein the 1-position is 3'-O-acylated but having a free
B-OH group at 2-position [as in the case of cyclosporin 1.3]
it 1s first necessary to protect the hydroxy group at the
2-position and then remove the protecting group subsequent
to acylation of the residue at the 1-position. The following
example 1s 1llustrative of the general procedure:

EXAMPLE A

Preparation of [3'-O-acetyl-MeBmt]'-[Thr]*-Ciclosporin
(Cyclosporin 1.3):

Step 1: introduction of an O-protecting group at
-Thr-* of [Thr]*-Ciclosporin

6.09 g of [Thr]*-Ciclosporin are dissolved in 25 ml abs.
CH,Cl, and 5 ml ethinyl-ether and 0.2 mi trifluoroacetic
acid are added. The reaction mixture is stirred for 20 hrs. at
room temperature under an atmosphere of nitrogen. The
reaction mixture 1s shaken with cold, 20% KHCQO,, washed
with water, extracted with CH,Cl,, dred over MgSQO,,
filtered and evaporated. The obtained foam is purified chro-
matographically using 440 g silica gel (0.04-0.06) using
toluene/acetone (2:1) as eluant and collecting in 500 mi
fractions. The product, [ Thr-1-methyl-ethoxymethyl ether]
*-Ciclosporin is recovered from fractions 26 to 29: m.p.

=76.6° C.

Step 2: acylation of [Thr]*-Ciclosporin in
-Thr-*O-protected form

10.66 g of the product of step 1, 106 ml acetic acid
anhydride and 1.22 g of 4-dimethylaminopyridine are com-
bined and stirred for 20 hrs. at room temperature and taken
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up with tolucnc at 40° C. The residuc is dissolved in 400 ml
toluenc and cxtracted 1X with 250 ml cold acctic acid, 1X
with 250 ml H,O, 1x with 200 ml cold 20% KHCO, and 1X
with 250 ml H,O. The toluenc cxtracts arc dricd over
MgSO,, filtered cvaporated and dricd under vacuum to yicld
[3'-O-acetyl-MeBmt]'-[ Thr-1-methyl-cthoxymethyl  cther]
2.Ciclosporin.

Step 3: deprotection of [3'-0-acetyl
-McBmt)*-[Thr]*-Ciclosporin in ~Thr-” O-protected
form

11.38 g of the product of step 2, 80 ml tetrahydrofuran and
160 ml 67% acctic acid are stirred for 48 hrs, at room
temperaturc under N,. The rcaction mixture is taken up in
toluence, the residuc dissolved in toluene, shaken with 20%
KHCO,, washcd with H,O and the tolucne extracts dricd
over MgSO, and filtered. The filtratc is cvaporated and
purified chromatographically using 440 g silica gcl
(0.04-0.06) using toluene/acctone (3:1) as cluant and col-
lecting in 500 ml fractions. The cnd-product, [3'-O-acctyl-
MeBmt)!-[Thr)*Ciclosporin is recovered from fractions
5-9: m.p.=75.6° C., [a],,>’=—275.5° (¢=0.65 in CHC,).

Cyclosporins of formula II' arc new and form part of the
present invention as novel compounds per sc. Accordingly
in a further aspect the present invention provides, as a novel
group of cyclosporins, those:

1a*) Of the formula II' as hercinbefore defined.

Cyclosporins of group 1a*) may be preparcd cntircly
analogously to the procedures for the production of known
cyclosporins 1.1, 1.4 etc., hercinbefore referred to or anlo-
gously to the production of cyclosporin 1.3, starting from the
corresponding cyclosporins wherein the residuc at the 1-po-
sition is -McBmt- or -dihydro-McBmt. Rcquired starting
materials arc known and described, together with the meth-
ods for their production, e.g. in UK patcnt application no. 2
155 936, U.S. Pat. No. 4,639,434 and Europcan patent
publication no. 0 056 782. As indicated abovce, cyclosporins
of formula II', wherein W is the residuc of a B-hydroxy-
(rather than B-O-acyl-) -0i-amino acid residuc are prepared
analogously c.g. to examplc A, by first protccting at the
8-position, acylating at the 1-position and then de-protecting
at the 8-position.

Cyclosporin 1.15 of group 1a*) has thc following char-
acterising data: [0],,°°=—272° (c=1.0 in CHCl,).

Cyclosporins wherein the 3'-carbon atom of the residuc at
the 1-position is azidoalkylcarbonyloxy or alkoxycarbony-
loxy substituted are also new and form part of the present
invention as novel compounds per sc.

A group of cyclosporins of this typc compriscs thosc:

1a®) Wherein the residue at the 1-position is a -3'-O-(C,
-azidoalkyl)-carbonyl- or -3'-O-(C, _,alkoxy)-carbonyl-
-McBmt- or -dihydro-McBmit- residue, i.c. of formula
I as illustrated above, whercin ACYL' is a group of
formula R,'"—CO— or R,—0O—CO— wherein R, 18
C,_4azidoalkyl and R, is C,_,alkyl. |
Preferred cyclosporins of this group arc thosc of formula
Il as illustrated above, wherein A is a residuc as defined
under 1a° above, B has the meanings given for formula 11,
X is -Sar- and Y is -Val-.

The present invention also provides a process for the
production of cyclosporins of group la’) which proccss
COmprises:
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a) rcacting the corresponding cyclosporin wherein the
residuc at the 1-position is -McBmt- or -dihydro-
McBmt- with a compound of formula XII or XHI.

R, CO Q (X10)

R, O CO Q (XIHI)

Wherein R,' and R, have the meanings given above and Q
is a lcaving group.

Q is suitably halogen or —OIL When Q is halogen,
rcaction is suitably carricd out c.g. in the presence of a
catalyst such as n-butyllithium. When Q is —OH recaction is
suitably carricd out in the presence of an activating agent.
Reaction is suitably performed at temperatures of [rom ca
—100° to --50° C., c.g. as dcscribed in the following
cxamples B

EXAMPLES B

1. Preparation of  [3-O-methoxycarbonyl-MeBmt)'-
Ciclosporin (cyclosporin 1.11)

3,76 ml of a 1.48M solution of n-butyllithium in 3.76 ml
hexane arc added to 0.87 ml diisopropylamine in tctrahy-
drofuran at —78° and thc whole stirred for 30 min. at —78°
C. 1.0 g Ciclosporin in 15 ml dry tctrahydrofuran arc added
at the samc temperature and stirring continucd for a {urther
30 min, 0.326 ml mecthyl chloroformatc arc added and
stirring continucd for a further 1 hour at —78° C. The
temperature is then allowed to rise to room temperature. 10
ml of watcr arc added and most of the tetrahydrofuran
removed by cvaporation, The residuc is taken up in 100 ml
cthyl cther and 50 ml water, the aqucous layer scparated and
cxtracted 2X with cthyl ether, The combinced organic cxtracts
arc dricd over MgSQO, and cvaporatcd to dryncss. The
residuc is purificd chromatographically on silica gel, cluting
with cthyl acctate, to yicld the title compound: [of],,” =
234° (¢=1.0 in CHCl,).

2. Preparation of [3-O-(4-azidobutanoyl)-McBmt]'-
Ciclosporin (cyclosporin 1.12)

7.74 g y-azidobutyric acid, 8.6 g 4-dimcthylaminopyti-
dinc and 5.11 g Mullayama-rcagent (2-chloro-1-methylpy-
ridinium iodide) arc added to 12.02 g Ciclosporin in 200 ml
abs. CH,Cl,, and the rcaction mixture is stirred for 90 hrs.,
at room temperature, The obtained product is diluted with
CI,Cl, shaken with 100 ml ice-cold, 10% NaOH, 200 ml
H,0 and 200 ml 10% acetic acid washed with water, and the
organic phascs arc dried over Na,SO,. The filtrate is cvapo-
ratcd and dricd again. The product is purificd chromato-
graphically using 1.2 kg silica gel (0.04-0.06 mm) using
hexanc/acctone (3:1) as cluant collecting in fractions of 250
ml up to fraction 20 and then hexanc/acetone (7:3), collect-
ing in {ractions of 30{ mi thcreafter, The title compound 1s
recovered from fractions 23-27: [a],,”%= 289.8° (¢c=0.5 in
CHCl,).

Cyclosporins of group 1a* as hereinbefore sct forth arc
also new and form part of the present invention as novel
compounds per sc.

The present invention also provides a proccss for the
production of cyclosporins of group 1a”) which process
COMPLiSCs:

b) acylating the corresponding cyclosporin wherein the
rcsiduc at the 1-position is an -8-C, g-alkoxy-cis-
McBmt- or -8'-C, o -alkoxy-dihydro-McBmt- residuc
of formula X1V
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1?4 (XIV)
X
l
y
N\
T
HO CH
\R®R) /®r)\
(|3H CH,
—N—CH—CO—

| ()

CH;
wherein —x—y— and R, have the meanings given above
for formula 1V, for example acylating a cyclosporin of
formula II as illustrated above wherein A is a residue of
formula X1V as defined above, B has the meanings given for
formula II, X is -Sar- and Y is -Val-, e.g. by reaction with a
compound of formula XV

Rs—CO—Q (XV)
wherein Ry is C, ,alkyl and Q is a leaving group, for
example a halogen atom; or

c¢) for the preparation of a cyclosporin of group 1a’
wherein the residue at the 1-position is a -3'-O-acyl-
8'-C,_g-alkoxy-cis-MeBmt- residue of formula IV as
illustrated above, wherein X—y— 1S CiS
—CH=CH—, R, has the meaning given for formula
IV and ACYL' is an acyl O-protecting group, for
example acetyl, reacting a cyclosporin wherein the
residue at the 1-position is a -3'-O-acyl-5'-des-(1-pro-
penyl)-5'-formyl-MeBmt- residue of formula XVI

ﬁl (XVI)
C

/" \

H (|3H;,_~

CH
\R)/®)\
(]:H CH;
~N—CH—CO~—

| (S)

CHs;
wherein R, 1s an acyl O-protecting group, e.g. acetyl, for
example a cyclosporin of formula II as illustrated above
wherein A 1s a residue of formula XVI as defined above, B

has the meanings given for formula II, X is -Sar- and Y is
-Val-, with a compound of formula XVII

Rig—0O

Ri1

\

R11"“P:CH—R4

(XVII)

Ri1

wherein each R,; is phenyl or C, ,alkyl and R, has the
meaning given for formula I'V.

Reaction in accordance with process step (c) above may
be carried out in accordance with standard methods
employed for effecting a Wittig reaction, e.g. under anhy-
drous conditions, for example in an inert solvent or diluent
such as absolute benzene, tetrahydrofuran, ethyl-ether or
toluene, at a temperature of from about —80° C. to 20° C.,
optionally in the presence of a salt, e.g. an alkali-metal
halogenide. The reaction is suitably carried out under an
inert atmosphere.

The cyclosporin starting materials required for process
- step (c) may be obtained from the corresponding cyclospor-
ins wherein the residue at the 1-position is -3'-O-acyl-
protected-MeBmt-, for example -3'-O-acetyl-MeBmt- by:
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d) ozonolysation and treatment of the immediately
obtained ozonolysis product with a mild reducing
agent,

Ozonolysis in accordance with reaction step (d) may be
carried out in accordance with standard techniques, e.g. in an
ozonisor in the presence of, e.g. ethyl acetate or dichlo-
romethane, at a temperature of from about —90° to about
—40° C. A suitable mild reducing agent is dimethyl sulfide.

Suitably, ozonolysis and treatment with the mild reducing
agent 18 carried out in a single reaction vessel, e.g. as
described 1n the following examples C.

The starting materials for process step (d) are cyclospor-
ins of group la' and are known or may be obtained as
hereinbefore described.

Process step (b) may be carried out analogously to pro-
cesses for the production of cyclosporins of groups 1a') and
1b) as hereinbefore described, e.g. with reference to the
literature. Similarly cyclosporins of group 1a®) having a free
B-hydroxy-o-amino acid residue, e.g. -Thr-, at the 2-position
may be produced by intermediate protection and subsequent
deprotection of the $-OH group, e.g. proceeding analo-
gously to the methods described in relation to example A
above. The starting materials for process step (b) above may
be obtained by:

e) deprotection of the corresponding cyclosporin wherein
the residue at the 1-position is an -8'-C,_palkoxy-cis-
MeBmt- or -8'-C, _galkoxy-dihydro-MeBmt- residue in
3'-O-protected form; or

f) reduction of the corresponding cyclosporin wherein the
residue at the 1-position is an -8'-C, galkoxy-cis-
MeBmt- residue 1n free or 3'-O-protected form and,
when required, carrying out process step (e).

Suitable 3'-O-protecting groups in the starting materials
for process step (e) include any of those known and com-
monly employed in the art of peptide chemistry including
acyl and ether protecting groups. The starting materials for
process step (e) thus include the products of process step (c)
hereinbefore described. Corresponding starting materials
wherein the 3'-O-protecting group is other than acyl may be
obtained analogously to process steps (d) and (c) starting
from the appropriate 3'-O-protected cyclosporins.

Process step (e) itself can be carried out in accordance
with procedures commonly employed in the art of peptide
chemuistry, e.g. by hydrolysis in the presence of a base such
as an alkali metal alkoxide or carbonate to remove acetyl
protecting groups or hydrolytic ether cleavage, e.g. in the
presence of triftuoro-acetic acid or HCI to remove protecting
ether groups. Process step (e) is suitably conducted at
temperatures of from about —20° to about 20° C., e.g. as
hereinafter described in examples D.

Process step (f) may also be carried out analogously to
known methods, e.g. for reducing naturally occuring
cyclosporins to the corresponding dihydrocyclosporins, for
example by catalytic hydrogenation, e.g. in accordance with
the general methods disclosed in U.K. Patent Specification
No. 1 567 201. Hydrogenation is suitably effected under
neutral pH conditions at temperatures of from about 20° to
about 30° C. and at atmospheric or slightly elevated pres-
sure, 1n the presence of a catalyst such as platinum or,
preferably, paladium (e.g. paladium on charcoal) in the
presence of an inert solvent or diluent such as ethyl acetate
or lower aliphatic alkanols such as methanol and isopro-
panol.

The cyclosporin starting materials for process step (b) are
also new and form part of the present invention as novel
compounds per se. In a further aspect the present invention
accordingly also provides:
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Class 4

A cyclosporin wherein the residuc at the 1-position is an
-8'-alkoxy-cis-McBmt- or -8'-C, _¢-alkoxy-dihydro-McBmt-
residuc of formula XIV as dcfined above.

Preferred cyclosporins of this class arc those of formula 11
as defined for process step (b).

In addition to their utility as intcrmediates, cyclosporins
of class 4 also posscss, ¢.g. immunosuppressive, anti-in-
flammatory and anti-parasitic activity as hercinaftcr 10
described. The said cyclosporins thus have utility in their
own right.

Cyclosporins of class 4 also ¢xhibit activity in incrcasing
sensitivity o, or increasing the cfficacy of, chemotherapceulic
drug therapy and, in particular in rcversing chemotherapeu- 15
tic ‘drug resistance, c¢.g. resistance to anti-ncoplastic or
cytostatic chemotherapy, as herein discloscd for cyclospor-
ins of classes 1 to 3. Having rcgard c.g. to their inherent
immunosuppressive propertics however, cyclosporing of
class 4 arc gencrally less suitable for use in such indications, 20

The cyclosporin starting materials for process step (¢) arc
also ncw and form part of the present invention as novel
compounds per s¢. These starting matcrials may, of course,
be subjected to intervening de-protection and/or re-protec-
tion, c.g. for the purposes of handling, transport or storage,
in accordance with methods known or practiced in the art, In
a yet further aspect the present invention accordingly also
provides:

25

30
Class 5

A cyclosporin wherein the residuc at the 1-position is
-5'-des-(1-propenyl)-5'-formyl-MeBmt- in free or in 3-O-
protected form, 1.c. a residue of formula XVIII 35

|(l) (XVIII)

C
/ \
H (|3H2 40

B/

?H R en

—N—CH—CO—
L (S) e
CHs,
wherein R, is hydrogen or an O-protecting group.

Preferred protecting groups as R,, arc acyl O-protecting
groups, ¢.g. acetyl. Preferred cyclosporins of this class arc
those of the formula 1l as illustrated above, wherein A is a 39
residuc of formula XVIII as defined above, B has the
meanings given for formula I, X is -Sar- and Y is -Val-.

When R, , is hydrogen, the residuc of formula XVIII also
exists in the cyclic tautomeric form of formula XVIII';

Ri2—O

3

55
(l)H (XVII
C
/ li(;'Hg
0\ |
CH
/ 60
ch ®) \
| CHj
N—CH—CO—
| (R)
CHj;

Such tautomers are to be understood as being within the 65
purview of thc present invention, c¢.g. cmbraced by the
definition for class 5 cyclosporins abovc.

18

The following cxamples arc illustrative of the above
processes for the preparation of cyclosporins of group 1a”
and of classcs 4 and 3.

EXAMPLES C

Preparation of cyclosporins of group 1a”,
Preparation  of  [3-O-acelyl-g-methoxy-cis-McBmt]'-
Ciclosporin (cyclosporin 1.16):

16 g Mcthoxymethyltriphenylphosphoniumbromide arc
suspended in 270 ml absolutc tctrahydrofuran (THF) in
atgon and cooled to —75° C. A solution of 5 g potassium
t.butylate in 200 m! absolutc THF is added dropwisc over 30
minutes and the mixture is stirred again. After 2 hours a
solution of 10 g of [3-O-acclyl-5-des-(1-propenyl)-5'-
formyl-McBmt]'-Ciclosporin in 25 ml TIHF is added drop-
wisc over 20 minutes. The mixture is stirred for 4 hours at
room tcmperature, then treated with 400 ml cthyl acetate,
The cxtracts arc washed with 2N HCI solution, saturated
NallCO, and saturatcd brinc. The concentrated filtratc 1s
chromatographed on 1.2 kg and 0.44 kg silica gel (0.04 to
0.063 mm) with CHCl,; (10-40%) acctonc/cthyl acctate to
give the title compound: [a],,”%=-267° (¢=0.53 in CHCI,).

Cyclosporins 1.17 to 1.21 may bec preparcd analogously.
These have the {following physical characteristics:

Physical data:

1.17 0}, 22 -283° (¢ :: 0.544 in CIICl,)
1.18 0t))y2° +2 +209.1° (¢ :: 0.605 in CHCl,)
1.19 0ty 25 -282,96° (¢ == 0.405 in CHCI,)
1.20 00)),%0 <+ --268° (¢ : = 0.615 in CIICl,)
1.21 0,20 =2 --248.7° (¢ =: 0.65 in CHCIL,)

The starting material for the above process, which is a
cyclosporin ol class 3, is produced as follows:

Production of [3'-O-acetyl-S'-des-(1-propenyl)-S'-formyl-
McBmt]'-Ciclosporin (cyclosporin 5.1):

48.5 g of [3'-O-acetyl-MeBmt]'-Ciclosporin in 70 ml
cthyl acctatc arc ozonised for 45 mins, at —70° C., using a
Fischer ozonc generator at 0.4 atm. with a current {low of
110 1/h. The obtained solution is gassed with N, and 9.8 ml
dimethylsuifide arc addcd. The solution is stirred for 2 hrs.
at room temperature, concentratcd by cvaporation, washed
2X with benzene and dricd under high vacuum to yicld the
desired product, This is uscd dircetly for further reaction
without [urther purification: [og],,”% =-302° (¢=1.15 in
CHCL).

The following cyclosporins arc obtained analogously
52  [3-O-acetyl-5'-des-(1-propenyl)-5'-formyl-McBmt] -

[O-acctyl-The]*-Ciclosporin: [¢],,2%=-272.6° (c=0.504 in

CHCl,), m.p.=156°-160°
53  [3-O-acetyl-5'-des-(1-propenyl)-5'-formyl-MeBmt] -

[Val}]*-Ciclosporin: {a],,*%=-306° (¢c=1.03 in CHCI,),

m.p.=168°-170°
54  {3'-O-acctyl-5'-des-(1-propenyl)-5'-formyl-MeBmt |-

[Nva)*Ciclosporin: {a],,?%=291.76° (¢=0.51 in CHCl,).

EXAMPLES D

Prcparation of cyclosporins of class 4.

Preparation  of  [8'-methoxy-cis-MeBmt)'-Ciclosporin
(cyclosporin 4.1): 4 g of cyclosporin 1.16 (from examplcs C)
in 41 ml mcthanol/water (5:1) are heated with 3.5 g potas-
sium carbonatc and stirred at room temperature, After 21
hours the cooled solution is made acid with 10% tartaric acid
solution and ¢xtracicd three times with CHCL,. The cxtracts
arc washced with saturatcd NaHCO, and water and driced
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over Na,50, and concentrated. Chromatogrphy on 220 g
silica gel with ethyl acetate and ethyl acetate/hexane (100 to
20%) gives the title compound: {o],*°=~239° (¢c=0.53 in
CHCL,).

The following cyclosponns are obtained analogously
4.2 [8- tButoxy cis-MeBmt]'-Ciclosporin: [o],,*°=—228°

(c=0.5 in CHCl,);

4.3 [8'-Methoxy-cis-MeBmt] -[ThI]Z-Ciclosporin: o] _,_320:_
220° (c=0.37 in CHCI,);

4.4 [8'-1. Butoxy-t:ls-MeBmt] -[Thr]*-Ciclosporin: [ot] ,2°=—
221° (¢=0.43 in CHCl,);

4.5 [8'-Methoxy-cis-MeBmt] '_[Val]*-Ciclosporin: [e] ,2%=—
241° (c=0.54 in CHCl,);

4.6 [8'-Methoxy-cis-MeBmt]'-[Nva]*-Ciclosporin: [a] ™=

—236° (c=0.634 in CHCl,);

Production of [8-methoxy-dihydro-MeBi1
(cyclosporin 4.7).

302 mg of cyclosporin 4.1 are dissolved in 10 ml abs.
ethanol and hydrogenated at room temperature and atmos-
peric pressure over 3% Pd on charcoal. After the uptake of
the theoretical amount of hydrogen (50 min.), the catalyst is
separated by filtration over hyflo, and the solvent evaporated
at reduced pressure. The residue i1s chromatographed on 70
g silica gel (0O=0.015 mm) with hexane-acetone (1:1) yield-
ing the title compound: [a] ,*°=—229° (c=0.52 in CHCl,).

The following cyclosporins are obtmned analogously:
4.8 [8'-Methoxy-dihydro-MeBmt]'-[Thr]*-Ciclosporin:

[a],°°=217.5° (c=0.32 in CHCl,);

4.9 [8 Methoxy—dmydro MeBmt]!-[Val] -C1clospor1n

[a],2°=—223.6° (c=0.58 in CHC13)

4,10 [8'-Methoxy-dihydro-MeBmt]'-[Nva]*-Ciclosporin:

[a] ,°°=—221.5° (c=0.594 in CHCL,)

Cyclosporins of group la’ as hereinbefore set forth are
also new and form part of the present invention as novel
compounds per se.

The present invention also provides a process for the
production of cyclosporins of group la’®, which process
COMPprises:

g) acylating the corresponding cyclosporin wherein the
residue at the 1-position is -cis-MeBmt-; a -7-desm-
ethyl-7'-hydrocarbyl- -MeBmi- or -cis-MeBmit- residue
wherein the hydrocarbyl moiety comprises at least two
carbon atoms; or a -7'-desmethyl-7'-hydrocarbyl-dihy-
dro-MeBmit- residue wherein the hydrocarbyl moiety
comprises at least two carbon atoms and wherein any
aliphatic group or moiety present as or in said hydro-
carbyl moiety is saturated, which residue may be rep-
resented by the formula XIX

t]*-Ciclosporin

Rq (XIX)

|
X
|
y

\

e

HO CH
\®R)/®)\
(l.?H C

~N—CH—CO—

| (S)
CHj

wherein —x—y— and R, have the meanings given above
for formula V, for example, acylating a cyclosporin of
formula II as illustrated above wherein A is a residue of
formula XIX as defined above, B has the meanings given for
formula I, X 1s -Sar- and Y is -Val-, e.g. by reaction with a
compound of formula XV as defined above; or

h) for the preparation of a cyclosporin of group 1a’
wherein the residue at the 1-position is -3'-O-acyl-cis-
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MeBmt- wherein the acyl moiety is an acyl O-protect-
ing group, or a -7'-desmethyl-7'-hydrocarbyl- -MeBmit-
or -cis-MeBmt- residue wherein the hydrocarbyl moi-
ety comprises at least two carbon atoms and wherein
the O-acyl moiety 1s an acyl O-protecting group, which
residue may be represented by the formula V as illus-
{rated above wherein —x—y— 1S cis or trans
—CH=CH—, R, has the meaning given for formula V
and ACYL' is an acyl O-protecting group, for example
acetyl, reacting a cyclosporin wherein the residue at the
l-position 1s a -3-O-acyl-5'-des-(1-propenyl)-5'-
formyl-MeBmt- residue of formula XVI as defined
above, for example a cyclosporin of formula II as
illustrated above, wherein A is a residue of formula
XVI as defined above, B has the meanings given for
formula I, X 1s -Sar- and Y is -Val-, with a compound

of formuia XX

Rij

\

Rij; —P=CH—Ry'

(XX)

Ry;

Wherein each R;, is phenyl or C, jalkyl and R/ is
hydrocarby! of at least 2 carbon atoms and, when required,
1solating the desired reaction product.

Process steps (g) and (h) may be carried out in exactly
analogous fashion to process steps (b) and (c) above, for
example as hereinafter described in examples E below. The
starting materials for process step (g) may be obtained
entirely analogously to process step (e) or (f) above by:

1) deprotection of the corresponding cyclosporin wherein
the residue at the 1-position is -3'-O-acyl-cis-MeBmt-
or, a -7-desmethyl-7'-hydrocarbyl- -MeBmt- or -cis-
MeBmit- residue wherein the hydrocarbyl moiety com-
prises at least two carbon atoms, said residue being in
3'-O-protected form; or

j) reduction of the corresponding cyclosporin wherein the
residue at the 1-position is a -7'-desmethyl-7'-hydro-
carbyl- -MeBmt- or -cis-MeBmt- residue, said residue
being in free or 3-O-protected form and, when
required, carrying out process step (i).

Suitable 3'-O-protecting groups are as hereinbefore
described in relation to process steps (¢) and (f). In carrying
out process step (J) unsaturated linkages in the hydrocarbyl
moiety will undergo reduction, together with the group
—X—y—. Alternatively, cyclosporin starting materials
wherein the residue at the 1-position is -cis-MeBmt- may be
obtained in accordance with the total synthetic method for
the production of cyclosporins, e.g. as described in Euro-
pean patent publication no. 0 034 567 or U.S. Pat. No.
4,369,542.

The cyclosporin starting materials for process step (g)
wherein the residue at the 1-position is other than -cis-
MeBmt- are also new and form part of the present invention
as novel compounds per se. In a further aspect the present
invention accordingly also provides:

Class 6

A cyclosporin wherein the residue at the 1-position is a
-7'-desmethyl-7'-hydrocarbyl- -MeBmt- or -cis-MeBmit-
residue wherein the hydrocarbyl moiety comprises at least
two carbon atoms, or a -7'-desmethyl-7'-hydrocarbyl-dihy-
dro-MeBmt- residue wherein the hydrocarbyl moiety com-
prises at least two carbon atoms and wherein any aliphatic
group or moiety as or in said hydrocarbyl moiety is satu-
rated, which residue may be represented by formula XIX'




5,525,590

21
lfﬁ!l (X[XI)
X
l
y
\
P
HO CH
\R)/®)\
(ljll CH;
N~ CH—CO~—
| ()
CHj
wherein
x—y— is cis or trans —CH=CH-— or - CIl, -

CH,— and R." 1s hydrocarbyl having at lcast two carbon
atoms with the proviso that when —x-—y--- is -~ ClL,--
CH,— any aliphatic group or moicty prcsent as or in R." is
saturated.

Preferred cyclosporins of this class arc thosc of formula 11
as illustratcd above wherein A is a residuc of formula XiX'
as defined above, B has the meanings given for formula 11,
X is -Sar- and Y is -Val-.

In addition to their utility as intermediates, cyclosporins
of class 6 also possess, ¢.g. immunosuppressive, anti-in-
flammatory and anti-parasitic activity as hercinafter
described. The said cyclosporins thus have utility in their
own right.

Cyclosporins of class 6 also cxhibit activity in incrcasing
sensitivily to, or increasing the efficacy of, chemotherapeutic
drug therapy and, in particular in reversing chemotherapcu-
tic drug resistance, e.g. anti-ncoplastic or cytostatic chemo-
therapy, as hercinbefore discussed for cyclosporins of
classes 1 to 3. Having regard, e.g. to their inherent immu-
nosuppressive propertics, however cyclosporins of class 6
arc generally less suitable for use in such indications.

Cyclosporins as herein described and cxemplified,
wherein the residuc at the 1-position is -cis-McBmt-, while
within the purview of the aforementioned European patent
publication no. 0 034 567 and U.S. Pat, No. 4,369,542, arc
formally novel.

The following examples arc illustrative of the above
processes for the preparation of cyclosporins of group 1a>
and of class 6.

EXAMPLES E

Preparation of [3'-O-acetyl-7'-desmethyl-7'-phenyl-McBmt]
‘.Ciclosporin (cyclosporin 1.22) and of [3'-O-acetyl-7'-dcs-
methyl-7'-phenyl-cis-MeBmt]' -Ciclosporin  (cyclosporin
1.27):

9.5 g Benzyltriphenylphosphoniumchloride are dissolved
in 150 ml dry benzene and reactcd with 2.7 g potassium-
t.buylate for 24 hours under reflux on a water scparator.
After cooling, the suspension is filtercd into a ncw flask
under inert atmosphere. 5 g of cyclosporin 5.1 (c.f. cxamplcs
C) in 50 ml benzene are added over a period of 5 minutces.
After 21 hours at room temperature, the rcaction mixturc is
poured on ice, the organic phasc washed with 2N HCI,
bicarbonate and water dried over sodium sulfate, and cvapo-
rated. The residue 18 chromatographed twice on 440 g silica
gel (0.04-0.063 mm) with chloroform containing 8 to 30
p.p.vol. acetone. Fraction 2 contains cyclosporin 1,27 frac-
tions 5-15 cyclosporin 1.22. Cyclosporins 1.23 to 1.26 and
1.28 to 1.34 may be preparced analogously. Thesc cyclospor-
ins have the following physical characteristics.
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Physical data:

1.22 [0::1)?'” :: --210,9° (C = 1,37 in CII(:[:;)
1.23 [00])57°° =+ --234,9° (¢ =: 0.89 in CHCL,)
1.24 [0¢)570 =+ - -248.97° (¢ == 1,17 in CHCl,)
1,25 [00);y2C =2 --237.3° (¢ == 0.39 in CHCIl,)
1.26 lister 1’740
NMR.IR { in CIL,CL,
Acctate 1230
1.271 [0}, =< --235.8° (¢ :: 1,0 in CHCL,)
1.28 (], =2 - 220° (¢ == 1.75 in CHICl,)
1.29 [0t} == - -239.07° (¢ -: 0.97 in CHCI,)
1.30 [0]),7° == --207.8° (¢ := 1.25 in CHCL,)
1.31 [0e)"° =5 <239.6° (¢ +: 0.91 in CHCI,)
1.32 ister 1746
NMR.IR { Acctate 1228 in CCl,
MII* 1271
1.33 lister 1745
NMR.IR { Acctate 1225 in CCl,
MIT" 12771
1.34 [0t)y,70 =2 -226.23° (¢ =: 1.447 in CHCI,)

EXAMPLES F

Preparation of cyclosporins of class 6.

Prcparation of
[7'-desmethyl-7'-phenyl-MeBmt)*-Ciclosporin
(cyclosporin 6.1)

2.29 g of cyclosporin 1.22 oblaincd as above arc dissolved
in 20 ml mcthanol:water (4.5:1) containing 1.67 g potassium
carbonatc, After 20 hours at room temperature, the reaction
mixtiure is pourcd on ice containing 10% ol tartaric acid and
cxtracted with chloroform, The crude cxtract is chromato-
graphed on 120 g silica gel (0.04-0.063 mm) with dichlo-
romcthane, containing incrcasing amounts (20-30%) of
acctonc, to give the title compound: [a],,”%=-209° (¢=0.99
in CHCIl,).

The following cyclosporins arc obtained analogously:

6.2 [7'-Desmethyl-7'-phenyl-cis-MceBmt]'-Ciclosporin:
[01],,20=-236° (c=1 in CHCL,);

6.3 [7'-Desmethyl-7'-vinyl-cis-MeBmt]'-Ciclosporin:
[or],, 7=+ 249° (¢=1.17 in CHCI,);

6.4 [7'-Desmethyl-7"-vinyl-cis-MeBmt]'-| Thr]*-
Ciclosporin: [o1],,”'=—-248° (¢=1.44 in CHCl,);

6.5 [7'-Dcsmcth(yl-’?'-(3-mcthyl-n.bulyl)-cis-McBmt]1-
Ciclosporin: {0t],,>%=-240° (c=1.15 in CHCl,);

6.6  [7'-Desmethyl-7'-n.propyl-cis-MeBmt}'-Ciclosporin:
[01],,”"=-220° (¢=1.75 in CHCI,);

6.7  [7-Dcsmethyl-7'-(B-allyl)-cis-MeBmt)'-Ciclosporin:
[0t],,”*=—239° (c=0.97 in CHCl,);

6.8 [7'-Desmethyl-7'-phenyl-MceBmt]'| Val]*-Ciclosporin:
[0],,7°=-208° (¢=1.025 in CHCI,);

6.9 [7'-Desmethyl-7'-phenyl-cis-MceBmt)'-[ Val ]*-
Ciclosporin: [a],,°’=—240° (c=0.91 in CHCL,);

6.10 [7-Desmethyl-7'-vinyl-cis-MeBmt) [ Val]*-
Ciclosporin: [o],,”%=-254.8° (c=0.48 in CHCl,);

6.11 [7'-Desmethyl-7'-vinyl-cis-McBmt) ' [Nva]
*Ciclosporin: [0],,>°=-246.1° (c=0.52 in CHCl,);

6.12  [7-Desmethyl-7'-(3-bromo-n.propyl)-cis-McBmt] ' -
Ciclosporin: [0(],,*=—226° (c¢=1.44 in CHCl,);
De-protection of cyclosporin 1.23 leads to the production

of [cis-MeBmt)'-Ciclosporin: [a],,*%+235° (c=0.9 in

CHCL,).

Prceparation of
[7'-Desmethyl-7'-phenyl-dihydro-MceBmt] ' -Ciclosporin
(cyclosporin 6.13)

796 mg of a mixture of cyclosporins 6.1 and 6.2 arc
hydrogenated in 50 ml ethanol over 100 mg 10% Pd on
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charcoal at room temperature during 6 hours. Filtration over
Hyflo yields the pure title compound: [a],,*°=-210° (c=0.7
in CHCl,).

The following cyclosporins are obtained analogously:
6.14 [7'-Desmethyl-7'-n.propyl-dihydro-MeBmt] -

Ciclosporin: [0],*°=—188° (c=6.16 in CHCl,), obtained

from cyclosporin 6.6 or 6.7;

6.15 [7'-Desmethyl-7"-ethyl-dihydro-MeBmt]'-[Thr]*-
Ciclosporin: [at],*°=224° (c=0.4 in CHC,), obtained
from cyclosporin 6.4;

6.16 [7'-Desmethyl-7'-(3-methyl-n.butyl)-dihydro-MeBmt]
‘-Ciclosporin: [0t]p"°=—222° (c=0.995 in CHCL),
obtained from cyclosporin 6.5;

6.17 [7'-Desmethyl-7'-i.propyl-dihydro-MeBmt] -
Ciclosporin: [0, ,°°=—229° (c=1.32 in CHCl,);

6.18 [7'-Desmethyl-7'-ethyl-dihydro-MeBmt]'-[ Val]*-
Ciclosporin: [0t],,*°=—232.9° (¢=0.48 in CHCl,), obtained
from cyclosporin 6.10;

6.19 [7'-Desmethyl-7'-ethyl-dihydro-MeBmt]*-[Nva]?-
Ciclosporin: [0],°%=-227.29° (c=0.54 in CHCL,),
obtained from cyclosporin 6.11;

6.20 [7'-Desmethyl-7'-phenyl-dihydro-MeBmt]*-[Val]*-
Ciclosporin: [o],*°=—214° (c=1.19 in CHCL,), obtained
from cyclosporin 6.8 or 6.9;

6.21 [7'-Desmethyl-7"-ethyl-dihydro-MeBmt]*-Ciclosporin:
[0] ,°°=233° (c=1.15 in CHCl,), obtained from
cyclosporin 6.33;

As will be apparent, cyclosporins of groups 1a* and 1a*
and of classes 4, 5 and 6 herein before described, all of
which are novel, are structurally related and may, for con-
venience, readily be subsumed into unified categories, e.g.
comprising cyclosporins wherein the residue at the 1-posi-
tion 1s a residue of formula XXI

R, (XXI)
\
e
Rpy—0O CH
\R)/®)\
(I:H CHj
N—CH—CO—
| (S)
CHj
wherein

(1) R 1s formyl and R, has the meanings given for R,, in

relation to formula XVIII; or

(i1) R, 18 —y'—x—R_ whereby —y'—x'—R_ has the

meanings given for —y—x—R,, —y—X—R,, or
y—x—R." 1n relation to formulae IV, V, XIV and
XIX" above and R, 1s hydrogen or acyl.

Similarly cyclosporins of groups la® and la® and of
classes 4 and 6, ali of which are novel and have utility other
than as intermediates can be subsumed into unified sub-
categories, €.g. comprising cyclosporins wherein the residue
at the 1-position is a residue of formula XXI as illustrated
above, wherein R, and R, have the meanings given under
(i1) for formula XXI.

Acyl groups as R, are preferably groups ACYL' as
defined in relation to formulae III and IV, in particular
(C,_salkyl)-carbonyl, e.g. acetyl.

Preferred cyclosporins of such categories/sub-categories
are those of formula II as illustrated above wherein A is a
residue of formula XXI as defined above and B has the
meanings given for formula II, X is -Sar- and Y is -Val-.

Various cyclosporins of group 1b) as hereinbefore set
forth, e.g. wherein the residue at the 2-position is a residue
of formula III' as illustrated above in which ACYL? is acetyl

10

15

20

25

30

35

40

45

50

35

60

65

24

are known. Thus cyclosporin 1.35 is known and has been
described, together with processes for its production in
Traber et al., Helv. Chim. Acta, 60, 1247 at seq./(1977).
Other cyclosporins of group 1b may be prepared analo-
gously. Cyclosporin 1.36 however is of an entirely novel
type. A still further group of cyclospornin in accordance with
the present invention accordingly comprises.

Group le )

1) A dicarboxylic acid di-ester of a cyclosporin having a
3-hydroxy-(L)-a-amino acid residue at the 2-position;
in particular;

11) A dicarboxylic acid di-ester of a cyclosporin having an
(L)-threonyl residue at the 2-position; and especially

i11) A dicarboxylic acid di-ester of formula XXII

(XXII)

wherein R, is C,_galkylene and each €Y represents a
residue of formula II as illustrated above wherein

A 1s -MeBmt- or -dihydro-MeBmit-
B is an (L) threonyl residue of formula XXIII

CH; 0~ (XXIII)
N\ /
(IZH
—NH—CH—CO—
(L)

X 1a -Sar- and Y 1s -Val-.
Preferably R, 1s C,_,alkylene.
The present invention also provides a process for the

preparation of a cyclosporin of group le which process
comprises

k) reacting a B-O-hemiester of a cyclosporin wherein the
residue at the 2-position is a B-hydroxy-(L)-o-amino
acid residue, for example a 3-O-hemiester of formula
XXIV

(XX1V)
CO—R{3—CO—0H

wherein € and R, have the meanings given above, or a
reactive functional derivative thereof, with a cyclosporin
wherein the residue at the 2-position is a B-hydroxy-(L)-o-
amino acid resitdue, for example a cyclosporin of formula II
as 1llustrated above, wherein A is -MeBmt- or -dihydro-
MeBmt-, B 1s -Thr-, X is -Sar- and Y 1is -Val-.

Reaction may suitably be effected in accordance with the
general procedures of the following example G.

EXAMPLE G

Preparation of 1,2-ethanedicarboxylic acid
[O-(L)threonyl]*-Ciclosporin di-ester (cyclosporin
1.36)

0.255 g 2-chloro-1-methyl-pyridinium iodide and 0.244 g
4-dimethylamino pyridine are added to 1.318 g [(O-
hemisuccinyl)-Thr]2-Ciclosporin in 5 ml absolute CH,Cl, at
0° C. 1.218 g [Thr]*Ciclosporin are added, the reaction
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mixturc stirred for 3 hrs. at 0° C., and the tempcrature
allowed to rise to 20° C. with further stirring. "The rcaction
mixture is diluted with CH,Cl, and shaken with 10 ml 0.1N
NaOH with added ice. The mixture is washed 2x with H,O
and the organic phase dricd over Na,SO, filtered and
evaporated. The raw product is purificd chromatographically
employing silica gel and hexanc/acctone (1:1) as cluant to
yicld the title compound: [ot],,*: —209.4° (¢=0.5 in CHCl,).

The [(O-hemisuccinyl)Thr]2-Ciclosporin  requircd — as
starting material is known-—scc c.g. International Patent
Application No. PCT/EP85/00501. Intcrnational Patent Pub-
lication No. W086/02080, cxamplc 5. Othcr hemicster start-
ing materials suitable for the preparation of cyclosporins of
group le may be prepared analogously.

Cyclosporins of group 1c as hcreinbefore sct forth arc
new and form part of the present invention as novel com-
pounds per sc.

The present invention also provides a process for the
production of cyclosporins ol group lc, which process
Compriscs.

1) oxidising a cyclosporin whercin in the residuc at the
1-position is 3'-hydroxy substitutcd for cxamplc is
-McBmt-.

Step 1) above may be performed c¢.g. by reaction with
N-chloro-succinimide/dimethylsulfide at a temperature of
c.g. —30° to 10° C,, e.g. in accordance with the procedures
of example H bclow,

EXAMPLE 11

Preparation of
[3'-desoxy-3"-0x0-MeBmt]'-Ciclosporin
(Cyclosporin 1.37)

8.48 ml dimecthylsulfide are added at 0° C. to a solution of
12.8 g N-chlorosuccinimide in 400 ml tolucne. The mixture
is stirred for 5 mins at 0° C., cooled to —12° C. and 9.62 g
Ciclosporin in 40 ml toluenc ar¢c added. The obtaincd
suspension is stirred for 1.5 hrs, at —10° C, and for 1.0 hrs.
at —10° to —5° C. 19.4 g tricthylaminc ar¢ addcd, whercupon
a light precipitate forms. The mixture s stirred for 5 hrs, at
0° C., and diluted with 250 ml cthyl cther, 192 ml 1IN HC]
arc added cold and extracted. The organic phasc 1s washed
2x with 500 ml H,O, shaken with 250 ml 10% cold NaHCO,
and washed 2x with 500 ml H,O, 250 ml 10% tartaric acid
and again with H,O. The acid and basic aqucous solutions
are re-cxtracted with 2x500 ml ethyl cther, The combined
organic phases arc dricd over Na,SO, and cvaporated to
dryness at 40° C. The residuc is purificd chromatographi-
cally employing 300 g silica gel and saturated aqucous cthyl
acetatc to yicld the title compound: ([ot),,”"=241.3°
(c=0.531 in CHCl,) and -169.5° (¢c=0.5 in CI,;OlIl).
Cyclosporins 1.38 and 1.39 may bc prepared analogously:

Physical data;

1,38
1.39

[[I]l}zu — -—255.1“ (ﬂ = (0.9 in C[’ICI3)
[a]]}zu — "‘235.40 (C ~= 0.5 in (:l{Cla)

Cyclosporins of group 1d as hercinbefore sct forth are
also new and also form part of the present invention as novel
compounds per Sc.
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The present invention also provides a process for the
production of cyclosporins of group 1d, which process
COMpriscs:

m) oxidising, c.g. sclectively oxidising, a cyclosporin
wherein the residuc at the 2-position is a §-hydroxy-
oi-amino acid residue, for example an (L)-thrconyl
residuc,

Process step (m) may be carricd out cntircly analogously

to process step (1) above, ¢.g. in accordance with the general
procedures of the following cxample 1.

EXAMPLL 1

Preparation of [o-Methylketo-Gly]”-Ciclosporin
(Cyclosporin 1.40)

484 mg dimcthylsulfide arc added to 868 mg N-chloro-
succinimide in 26 ml tolucnc at 0° C. After stirring for 10
mins. at 0° C. thc suspension is cooled to —-30° C. and 1584
mg [Thr)*-ciclosporin in 6.5 ml tolucnc arc added. The
rcaction mixturc is stirred for 1 hr. at 26°-30° C. and 1.8]
ml tricthylaminc arc added. Cooling is removed and alter a
further 5 mins, 25 ml cthyl cther arc added. The reaction
mixture is pourcd onto 150 ml ice water/10 ml IN IICl and
stitrred and a further 100 ml cthyl cther arc added. The
organic phasc is washcd 3% with 150 ml ice water and
cxtracted 2x with cthyl cther, The combined organic phascs
arc dricd over Na,SO, and concentrated. The residuc is
dissolved in 10 ml CH,CL,, filtered throught Hyllo, diluted
with hexanc and cvaporated to yicld the title compound:
[0],,”°=—229° (c=1.0 in CHCl;) and —184.8° (c=1.0 in
CH,OI1).

Cyclosporin 1.41 may be prepared analogously: [o],,*=
-226.7° (¢=1.0 in CHCl,).

Cyclosporins of class 2(i) and of class 2(ii) as hereinbe-
forc sct forth arc also ncw and form part of the present
invention as novel compounds per sc.

In addition the present invention also provides a process
for the production of cyclosporins of class 2(i) and 2(i1),
which proccss compriscs:

m) for the production of a cyclosporin of class 2(i),
reacting a cyclosporin wherein the 3'-carbon atom of
the residue at the 1-position is oxo-substituted, c.g. a
cyclosporin whercin the residuc at the 1-position is
-3'-desoxy-3'-0xo-McBmt- with a C,_,alkoxyamine, or

n) for the productiion of a cyclosporin of class 2 (ii),
cyclising an open-chain peptide comprising  the
scquence of a cyclosporin comprising an (L)-isolcucyl
residuc at the 2-position, said open-chain peptide com-
mencing with the residue corresponding to residuc 8 of
said cyclosporin as N-tecrminal and terminating with the
rcsiduc corresponding to residuc 7 of said cyclosporin
as C-terminal, for cxamplc cyclising an open-chain
peptide comprising the scquence

—(D)Ala---MeLcu—Mel cu—MeVal—MeBmt—Ile —Sar—Mel cu—Val —Mel cu—Ala—

8 9 10

11 1 2 3 4 5 6 /
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(m) above may be performed, e.g. by reaction with the
chosen C,_,alkoxyamine, suitably in acid addition salt form,
in the presence of a base, such as pyridine, at temperatures
of from about —10° to about 80° C., for example in accor-
dance with the general procedures of example J below.

Process step (n) above may be carried out entirely analo-
gously to the general procedures for the total synthesis of
cyclosporins, €.g. as described in U.S. Pat. No. 4,554,531 or
European patent publication no. 0 098 456. Thus
cyclosporin 2.2 is prepared e.g. by substitution of BOC-Ile-
OH for BOC-aAbu-OH at step a) of example 1 of said
patent/patent publication, and proceeding subsequently in
directly analogous fashion to steps (b) through (x) as
described in said patent/patent publication.

Cyclosporin 2.2 itself has the following characterising
data:

M.P=151° C./[0t] ,°°=224° (c=1.0 in CHCL,)

EXAMPLE J

Preparation of
[3'-Desoxy-3'-methoxyimino-MeBmt]'-Ciclosporin
(Cyclosporin 2.1)

600 mg of the product of example H and 835 mg
methoxylamine hydrochioride in 2.5 ml ethanocl/2.5 ml
pyridine are stirred for 14 hrs. at 50° C. under an atmosphere
of argon. The pyndine is evaporated off and the remainder
filtered. The filtrate is taken up in CH,Cl, and washed with
brine. The brine is extracted several times with CH,Cl, and
the combined organic phases again washed with brine, dried
and evaporated. The residue is purified chromatographically
to yield the title compound: [0],*°=-214° (c=1.09 in
CHCI,).

As will be apparent cyclosporins of group 1c¢ and of class
2(1) hereinbefore described, all of which are novel and have
utility other than as intermediates can be subsumed into
unified sub-categories, e.g. comprising cyclosporins
wherein the residue at the 1-position is a residue of formula
XXV

CHs;

\

ﬁH TRANS

(XXV)

CH

\

e

R4 CH
RV ®)\
(]: C
N~ CH—CO—
| (S)
CHs

wherein R, , is oxygen or a group of formula R, ;N= wherein
R,5 1s C,_,aikoxy.

Cyclosporins of class 2(iii) are known. Thus cyclosporins
2.3 to 2.6 are described e.g. in Wenger, Transplantation
Proc., XVIII (6) Supp. 5 (December), 213 et seq. (1986).
These cyclosporins, as well as other cyclosporins of class
2(11) may be prepared in accordance with the general
procedures for the total synthesis of cyclosporins, e.g. as
described in U.S. Pat. No. 4,554,531 and European patent
publication no. O 098 456, c.g. by substitution of H-Melle-
Bzl or H-MeAlolle-Bzl for H-MeVal-Bzl at step (g) of
example 1 thereof. Cyclosporins 2.3 to 2.5 have the follow-
ing characterising data:
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CYCLOSPORIN  m.p. (°C.) [0t]2° = —; (¢ = — in CHCL,)
2.3 162-163 ~178% 1.0
2.4 144-146 ~221°; 1.0
2.5 146—146 ~225° 1.0
2.6 148 ~170°; 1.0

Cyclosporins 3.1 to 3.5, 3.7 and 3.9 of class 3 are known
isee e.g. Traber et al., Helv. Chim. Acta, 65, 1655 et seq
(1982) and 70, 13 et seq. (1987)].

Cyclosporins 3.6, 3.8 and 3.10 are new and are part of the
present imnvention as novel compounds per se. 3.6 and 3.8
may be prepared in a manner entierly analogous to that used
for the preparation of other, known dihydrocyclosporins e.g.
as hereinbefore described in relation to process step (f).

Cyclosporin 3.10 may be prepared in accordance with the
general procedures for the separation of cyclosporin minor
metabolites, e.g. as described in Helv. Chim. Acta 65, 1655
et seq. (1982), as a minor metabolite fraction from fermen-
tation broths used in the production of [(D)Ser]®-Ciclosporin
(see European patent publication no. 0 056 782), e.g. as
described in the following example K.

EXAMPLE K

preparation of [MeLeu]'-Ciclosporin (cyclosporin
3.10)

The biomass obtained following cultivation in accordance
with example 3 of European patent publication no. 0 056
782 1s spun-down in a clarifying separator (Westfalia) and
the liquid phase (culture filtrate) extracted 3x, each time
with the equivalent amount of ethyl acetate. The ethyl
acetate extracts are concentrated under vacuum. The solid
phase (mycelium) is treated with methanol and homogenised
and solid and liquid phases separated in a clarifying sepa-
rator. This extraction procedure is repeated 2x using 90%
methanol, The methanolic extracts are combined, water is
added and the extracts concentrated under vacuum. The
remaining aqueous extract concentrate is extracted 3x with
the equivalent amount of ethyl acetate and the ethyl acetate
extracts concentrated under vaccum. Both raw-extracts
(from the cuiture filtrate and the mycelium) are chromato-
graphed using silica gel (0.040-0.063 mm) and H,O-satu-
rated ethyl acetate. Early eluting fractions contain primarily
[Val}*-Ciclosporin (cyclosporin D) followed by fractions
containing primarily [MeLeu]'-Ciclosporin (cyclosporin
3.10) and Ciclosporin (cyclosporin A). Peak fractions are
chromatographed again using silica gel (0.0200<0.045 mm)
and acetone/hexane (1:1) as eluant. [MeLeu]'-Ciclosporin
containing fractions are re-chromatographed using
LICHROPREP® RP-18 (0.040-0.063 mm) and methanol/
H,0 (85:15) as eluant and then silica gel (0.020-0.045 mm)
and H,O-saturated ethyl acetate as eluant, to yield the title
compound: m.p=142°-148° C., [a],*°=303° (c=0.54 in
CHCL,).

Physical characteristics for cyclosporin 3.6 are: m.p.=
180°-182° C.; [at] ,*"=-211° (c=0.64 in CHCL,).

As already mdlcated it has, in accordance with the present
invention, now been found that cyclosporins of 1 classes
(including cyclosporins of groups 1a’ to 1a® and 1b to le),
2 and 3 and, in particular, individual cyclosporins of these
classes hereinbefore specifically named, are capable of
increasing or enhancing effectiveness of, or increasing or
enhancing sensitivity to, other chemotherapeutic drug
therapy, in particular anti-microbial (e.g. anti-bacterial, anti-
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viral, antifungal or anti-protozoal) chemothcrapy and, ¢spe-
cially anti-cancer or anti-tumor (c.g. anti-ncoplastic or cyto-
static) chemotherapy. They are accordingly usclul, ¢.g. as a
means of reducing regular chemotherapeutic dosage levels,
for example, in the casc of anti-neoplastic or cytostatic drug
therapy, as a mecans of decrcasing overall drug toxicity and,
more especially, as a means of reversing or reducing resis-
tance, including both inherent and acquircd resistance, to
chemotherapy.

EXAMPLE 1

Utility in restoring sensitivity to anti-ncoplastic/cytotoxic,

anti-tumor drug substances (in vitro-1)

Cancer cell lines (CCL), c¢.g. from human small ccll
carcinoma of the lung, resistant to on¢c or more cancer
therapeutic drug substances (CTDS) sclected from the group
comprising Daunorubicin (DR); Vincristine (VC); Adriamy-
cin (AM); Etoposide (ET); Tenoposide (TE); and Colchicine
(CC) arc developed in accordance with the mcthods
described by Twentyman et al., Br. J. Cancer, 54, 253 (1986).

Scnsitivity of resistant sub-lincs (CCL-R) is comparcd
with parental sensitive lines (CCL-S) by assaying inhibition
of cell growth during continuous CTDS exposure, ¢.g. in the
casc of a DR-resistant linc (CCL-DRR) by comparing
growth of CCL-DRS and CCL-DRR ling¢s in the presence of
DR confaincd in the growth medium ab-initio. For the
purposc, cell proliferation is measurcd by cell counting
using an elecironic cell counter, counting being cllccted
close to termination of th¢e cxponential growth phasc.
CCL-R lines are sclected for which the 1C,,, (drug concen-
fration e.g. DR concentration, rcquired to reduce final cell
number to 20% of that for non-CTDS (c.g. DR) trcated
controls 1s <80 X, preferably >100 X, greater than that of
parental CCL-S lines.

Sensitivity of selected CCL-R lincs to CTDS (c.g. DR) in
the presence and absence of test cyclosporin is then per-
formed, employing cell count as a measure of prolifcration
as described above. For this purposc cells arc culturcd ab
initio in the presence of varying conccntrations of both
CTDS and test cyclosporin, For screcning, concentrations of
the latter arec chosen which do not themsclves causc a
significant reduction in prolifcration. Appropriate concen-
trations arc c¢stablished by culturing CCL-S and CCL-R in
the presence of varying concentrations of cyclosporin in the
absence of CTDS. Cyclosporins arc routincly tested at
concentrations of from 0.01 to 50, in particular 0.1 to 10,
ug/ml, e.g. at concentrations of 0.01, 0.02, 0.05, 0.1, 0.2, 0.5,
1.0, 2.0, 5.0, 10.0 and 50 ug/ml. The ratio of CTDS (c.g. DR)
required to inhibit cell proliferation by 50% in the abscnce
of test cyclosporin (ICs,-CS) compared with that obtained in
the presence of test cyclosporin (IC,,+CS) is taken as a
measure of increased sensitivity of the CCL-R linc to CTDS
which has been induced by the cyclosporin, Stability of the
CCL-R line used is ensured by cross checking its sensitivity
to CTDS with that previously established.

In the above test model, cyclosporins of classcs 1 1o 3, in
particular specific cyclosporins recited, are cffcctive in
increasing scnsitivity to CTDS (c.g. DR, VC, AM ctc.) at the
above indicatcd concentrations in particular al concentra-
tions of ca. 10 pg/ml, or less.

At higher concentrations, e.g. ca. 5O pg/ml inhibition of
proliferation of both CCL-S and CCL-R lines is, in particu-
lar instances, occasioned by test cyclosporins in the absence
of CTDS, though where this occurs the phcnomenon is
generally less marked in CCL-R than CCL-S lincs. Morc
significantly, test cyclosporins arc found to be cilective in
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incrcasing scnsitivity to CTDS in CCI.-R lincs at concen-
{rations which have no influence on cell prolifcration in the
abscnce of CTDS.

Thus in onc scrics of trials cmploying an AM rcsistant
human small lung cancer ccll line, and cyclosporins 2.4, 1.1
and 1.32, cstablishcd AM scnsitisation ratios (AM 1C,-CS/
AM 1C,+CS) arc as follows*:

SENSITISATION RATIO
CYCLOSPORIN
CONCENTRATION

CYCIL.OSPORIN 50.0 pg/mi 5.0 pg/ml
2.4 >30 >30)
1.1 - >20
1.35 12 3.3
1.0 1.0

NONE

[*Investigation and data {from PR, Twentyman, MRC Clinical Oncology and
Radiotherapcutic Unit, Hills road, Cambridge, England - ¢.f. Br. J. Cancer, 57,
254--258 (1988)]

EXAMPLE 2

Utility in restoring scnsitivity to anti-ncoplastic/cytotoxic,
anti-tumor drug substances (in vitro-2).

Testing may be performed ecmploying any appropriatc
drug resistant ccll linc and control (parental) cell line,
generated, ¢.g. as described by Ling ct al., J, Cell, Physiol,
83, 103-116 (1974) and Bech-Hansen ct al, J. Cell. Physiol,
88, 23-32 (1976). Particular clonecs chosen arc the multi-
drug resistant (c.g. colchicinge resistant) linc CHR (subclone
(C583.2) and the parental, sensitive line AUX B1 (subclone
AB1 S11)-c.f. Ling ct al. loc. cit. and Juliano ct al. Biochim,
Biophys. Acta, 455, 152-162 (1976); Carlsen ct al. Biochim,
Biophys. Acta. 455, 900-912 (1976); Lalandc ct al., Proc.
Natl. Acad. Sci., 78 (1), 363-367 (1981); Kartner ¢t al.,
Science 221, 1285-1288 (1983); Kartner ¢t al., Nature, 316,
820-823 (1985); Riordan ct al.,, Nature, 316, 817-819
(1985); Van der Blick ct al., Mol. Cell. Biol. 6, 16711678
(1968); Endicolt ct al., Mol. Ccll Biol.,, 7, 4075-4081
(1987); Dcuchars ct al., Mol. Cell. Biol., 7, 718724 (1987);
and Gerlach ct al., Nature, 324, 485-489 (1986).

Cell lincs arc grown in oMEM mcdium supplemented
with (L)-asparaginc 0.02 mg/ml, MEM vitamins (1X), peni-
cillin-streptomycin 100 UT/ml, (L)-glutaminc 2mM and
10% hcat-inactivated fetal calfl scrum. Assay is performed
using 96 wcll plates. 50 pl colchicine solution arc added in
the culture medium in triplicates to obtain final concentra-
tions of 30-10-3-1-0.3-0.1-0 pug/ml for the resistant line (RL)
and of 0.3-0.1-0.03-0.01-0.003-0.001-0 pg/ml for thc scnsi-
tive linc (SL). Further down-cxtension of the dosc range 1s
performed as nccessary, 1., when test cyclosporin very
greatly decrcases the IC,, response to colchicine.

Test cyclosporins arc dissolved at 1 mg/ml in abs.
C,H,OH. Each tcst cyclosporin is screened routinely at 0.1
and 1.0 pg/ml, with controls being trcated with the corre-
sponding C,H,OH solvent dilutions. Test cyclosporin or
control arc added (50 ul) to cach wcll and mixed with
colchicine solutions already present. 100 pl cellular suspen-
sions at 4x10? cells/ml for SL (400 cclls/well) and 8x103
cclls/ml for RL arc added.

Prolifcration is measurcd by colorimetric assay [ Mosman,
J. Immunol. Mcthods, 65, 55-63 (1983)] using 3-(4,5-
dimcthylthiazol-2-y1)-2,5-diphenyl  tetrazolium  bromide
(MTT). First 100 ul ccll-free supcrnatant is removed, then
10 ul MTT solution at 5 mg/ml in RPMI 1640 mecdium
(Gibco) arc added to cach plate and the plate incubalted for
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3 hrs. at 37° C. 100 ul butanol/isopropanol/IN HCI
(192:96:12 ml) are then added to each plate and the plates
shaken until complete dissolution. Optical density (OD) is
read at 540 nm. |

Extent of cell growth (measured by MTT-dependent OD)
is represented as a function of colchicine concentration, a
dose-response curve being constructed for each test
cyclosporin, and the colchicine IC., (CIC,,) (i.e. the con-
centration of colchicine required to reduce proliferation by
50%) determined.

Increase of colchicine sensitivity induced by each test
cyclosporin at both 0.1 and 1.0 pg/ml is determined as:

CICsg 1n absence
CICs-

_ _ gainin
CilCspy, sensitivity

of test cyclosporin
CiCsp in presence

of test cyclosporin

Test cyclosporins may influence colchicine sensitivity in
both RL and SL. Relative influence in the two lines may be
determined as:

CI Cj{]+ for RL lines
CI ij. for SL lines

- CICso+RL _ relative

— CICsp+ SL " resistance

Cyclosporins of classes 1 to 3 increase sensitivity of RL
to colchicine at concentrations indicated above. Increase of
sensitivity of SL i1s commonly observed at equivalent con-
centrations though is generally less than for RL. For use in
accordance with the present invention, cyclosporins exhib-
iting higher relative resistance as defined above are gener-
ally considered more suitable. In one series of experiments
the following gains in sensitivity to colchicine as defined
above were, for example recorded for RL and SL.

CYCLO- SL RL

SPORIN 0.1 pg/ml 1.0 ug/ml 0.1 pg/ml 1.0 ug/ml
1.1 4.0 8.0 1.4 30.8
1.2 4.4 8.1 2.0 59.8
1.3 5.3 10.7 1.8 97.9
1.4 6.7 11.7 1.7 97.6
1.10 3.6 11.6 1.1 28.9
1.11 6.3 17.6 1.1 36.7
1.15 4,7 12.9 1.5 38.3
1.37 5.8 12.1 1.4 82.4
2.2 7.9 15.1 1.5 97.3
2.4 4.7 15.7 1.2 34.5

EXAMPLE 3

Utility 1n restoring sensitivity to anti-neoplastic/cytotoxic,
anti-tumor drug substances (in vivo)

Ehrlich ascites carcinoma (EA) sub-lines resistant to drug
substance DR, VC, AM, ET, TE or CC are developed by
sequential transfer of EA cells to subsequent generations of
BALB/c host mice in accordance with the methods
described by Slater et al., J. Clin. Invest, 70, 1131 (1982).
For this purpose drug substance is administered at a dosage
of 0.2 to 0.5 mg/kg, i.p. daily over 5 doses, starting 24 hours
after tnoculation of host mice with 0.2 ml undiluted malig-
nant ascites harvested from pre-terminal animalis.

For the test proper, host mice receive resistant EA-R or
sensitive (parent) EA-S, EA lines as described above. Mice
receiving EA-R are divided into groups receiving:

1. No drug/No cyclosporin
2. Drug-substance therapy/No cyclosporin

10

15

20

25

30

35

40

45

30

35

60

65

32
3. No drug/Test cyclosporin

4. Drug-substance+Test cyclosporin.

Anti-neopiastic drug substance is administered at dosages
employed in generating EA-R lines. Cyclosporin test sub-
stance 18 administered at a total test dosage in the range of
from 1 to 80 mg/kg, in particular 5 or 25 or up to 40 mg/kg
1n 5 divided daily doses, i.p. (in ethanol/olive oil) starting 24
hours after inoculation with EA-R. Mean-survival time in
groups 2, 3 and 4 are compared with group 1 as measure of
eflicacy of applied therapy.

Results obtained show no significant difference in mean-
survival time between groups 1, 2 and 3. In group 4,
recelving cyclosporin of classes 1 to 3 at dosages as indi-
cated above, substantial increase in survival time (e.g. of the
order of 2 to 3 fold or greater) as compared with both groups
1 and 2 1s observed.

Equivalent results may be obtained employing cyclospor-
1ns of classes 1 to 3 in test models of comparable design, e.g.
in vitro, or employing test animals infected with drug-
resistant viral strains, anti-biotic (e.g. penicillin) resistant
bactenal strains, anti-mycotic resistant fungal strains as well
as drug resistant protozoal strains, e.g. Plasmodial strains,
for example naturally occurring sub-strains of Plasmodium
falciparum exhibiting accquired chemotherapeutic, anti-ma-
larial drug resistance.

Utility of cyclosporins of classes 1 to 3 in accordance with
the present invention can also be demonstrated in clinical
trials, for example preliminary trials, performed as follows:

CLINICAL TRIAL 1

Subjects (& and ¥) are selected from patients diagnosed
as exhibiting malignant cancerous growth and to be submit-
ted to anti-neoplastic/cytostatic drug therapy. A detailed
report 1s submitted for each subject entered in the trial
detailing case history, disease status, estimated rate of dis-
ease progression and estimated prognosis.

Type of anti-neoplastic/cytostatic drug therapy to be
applied and estimated dosage rate required in the absence of
cyclosporin therapy is determined by the attending physi-
cian, having regard to the type and extent of the cancer.

Trial cyclosporin i1s administered orally at a dosage rate of
from 1.0 to 20.0 mg/kg/day or parenterally, e.g. i.v. or i.m.,
a a dosage rate of from 0.5 to 5.0 mg/kg/day. Where disease
status permits, treatment with trial cyclosporin commences
at least 1 or 2 days, preferably 10 to 14 days before initiating
anti-neoplastic therapy in order to permit build-up to on-
going therapeutic dosage levels. In such instances initiating
cyclosporin dosages are at the lower end of the above
indicated dosage ranges (e.g.: p.o., of the order of from 1.0
to 5.0 mg/kg/day; or parenterally, of the order of from 0.5 to
1.5 mg/kg/day) rising to higher dosage level (e.g. p.o., of the
order of from 5.0 to 15.0 or up to 20.0 mg/kg/day or,
parenterally, of the order of from 2.0 to 5.0 mg/kg/day),
precise regimen being determined by the attending physician
having regard to the subject’s condition at trial entry. In
some cases, it may be required that cyclosporin and anti-
neoplastic/cytostatic therapy be initiated and terminated
concomitantly, though again with preference for lower ini-
tiating cyclosporin dosaging, rising daily to the indicated
maximum. | |

Inmtiating anti-neoplastic/cytostatic therapy is commenced
at ca. Y5 the estimated dosage rate required in the absence of
cyclosporin therapy, precise choice of initiating dosage
again being at the discretion of the attending physician.
Anti-neoplastic/cytostatic dosaging is increased as required
by observed response.




5,525,590

33

All relevant clinical parameters arc monitorcd throughout
the course of the trial, including cyclosporin and anti-
ncoplastic/cytostatic drug administration rates. Subjccts arc
monitorcd for control/reduction in tumor growth/occurrence
of metastases and possible tumor regression. Reports on
discasc status and estimated prognosis arc submiticd at
intervals during the course of the tdal.

Evaluation of trial results indicatc that subjccts cntered
exhibit effective control of or improvement of condition,
with restriction of tumor growth or tumor regression and
reduction of mctastases at anti-ncoplastic/cytostatic drug
dosage ratcs below thosc estimated to be rcquired for
cquivalent efficacy in the absence of cyclosporin therapy.
Reduced incidence of anti-necoplastic/cytostatic drug resis-
tance as comparcd with reports for groups rceeiving anti-
neoplastic/cytostatic therapy only is rccorded, as well as
reduced incidence of adverse toxic reaction 10 administered
anti-ncoplastic/cytostatic therapy.

CLINICAL TRIAL II

Subjccts are chosen from hospitalised or out-patient sub-
jects (& and ¥) cxhibiting latc phase, malignant cancerous
growth of whatcver type. Subjects sclected for trial are
patients who havc run a full coursc of anti-ncoplastic/
cytostatic drug therapy, and who are gencrally at a late phasc
of multiple drug treatment and cxhibiting renewed onsct of
tumor growth/metastascs ctc., i.c. whosc cancer is prima
facic identifiable as multiple-drug resistant.

A dctailed report 1s submitted for cach subject entered in
the trial detailing in particular drug therapy applicd in the
cours¢c of the previous 6 to 18 months to date, previous
history and current diseasc status, c.g. cstimated ratc of
discasc progression and estimated prognosis.

For the purposes of the trial, entered subjects arc main-
taincd on predctermined dose and schedule of anti-ncoplas-
tic/cytostatic drug therapy, therapy chosen being that applicd
at identification of drug resistance and cntry into the trial.
Anti-ncoplastic drug therapy is maintained throughout the
trial at the preresistance-determination levels and schedule.
The chemotherapy regimen is supplemented by administra-
tion of trial cyclosporin, in oral dosagc form at a daily
dosage ratc of from ca. 1 to ca. 20, c.g. ca. 5 to ca. 15,
mg/kg/day or administered parenterally, c¢.g. i.v., at a daily
dosage rate of from ca. 0.5 to ca. 7.5, ¢.g. from ca. 2.0 to ca.
3.0, mg/kg/day. In some patients cyclosporin therapy may
commence 1 to up to 14 days before initiating anti-neoplas-
tic therapy and 1s continued during the entire trcatment
period. In other cases, it may be rcquired that cyclosporin
and anti-neoplastic therapy be initiated and terminated con-
comitantly,

Subjects arc monitored for reduction in tumor growth/
occurrence of metastases and possible tumor regression.
Reports on disease status and estimated prognosis at the time
of cxamination ar¢ submitted at intcrvals during the coursc
of the trial. In the event that no improvement in condition or
restriction of dcterioration is reported within an appropriatc
period, basic anti-ncoplastic/cytostatic drug therapy is var-
icd at the discretion of the responsible clinician to altcrna-
tive, previously applied therapy. All relevant clinical param-
cters are monitored throughout the course of the tral,
including in pariicular anti-ncopiastic/cytostatic drug and
cyclosporin scrum levels as well as clcarance rates.

Evaluation of trial reports indicates that subjccts entered

exhibit marked improvement in condition, with restriction of
tumor growth or tumor regression and decreasc in
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mctastascs following introduction of cyclosporin therapy,
with on-going improvement in discasc prognosis.

Cyclosporins of classcs 1 to 3 arc accordingly usclul for
the treatment ol morbid conditions exhibiting acquired resis-
tance Lo chemotherapeutic drug treatment, or as adjuvants to
chemotherapeutic drug treatment.

The present invention accordingly provides:

1.1 A method of improving or incrcasing the eflicacy of, or
of incrcasing scnsitivilty to, chemotherapcutic drug
therapy; or

1.2 A method ol reducing ciicctive chemothcerapeutic drug
dosagc ratc;

in a subjcct in need thercol which mcthod compriscs co-

administration of a cyclosporin of classcs 1 to 3 as herein-

before defined: or

2.1 A method of trcating morbid conditions exhibiting or
characterised by resistance, whether accquired, induced
or inate, to chemotherapeutic treatment; or

2.2 A method of enhancing or improving chemotherapcutic
ircatment of morbid conditions exhibiting or charactor-
1scd by resistance, whether accquired, induced or inate, to
said trcatment; or

2.3 A method ol reversing or reducing resistance, whether
accquired, induced or inate, to chemotherapeutic treat-
ment; or

2.4 A mcthod of restoring sensitivily 1o chemotherapcutic
(rcatment;

in a subject in nced thercof, which mcthod comprisecs

administcring to said subjcct an effcective amount of a

cyclosporin of any onc of classes 1 to 3 as hercinbefore

defined.
Alternatively the present invention provides:

3. A method of chemothcrapeutic treatment in a subject in
nced thercof which comprises administering an appro-
priatc chcmothcrapeutically active drug substance
togcther with a cyclosporin of any onc of classes 1 to
3 as hereinbefore defined as adjuvant (rcatment to said
drug substance.

The present invention also provides:

4. A cyclosporin of any onc of classcs 1 to 3 as hercin-
before defined for use in a method as defined under any
onc of 1.1, 1.2, 2.1, 2.2, 2.3, 2.4 or 3 abovc; or

5. A cyclosporin of any onc of classcs 1 to 3 as herein-
before defined for usc in the preparation of a pharma-
ccutical composition for usc in a mcthod as defined
under any onc of 1.1, 1.2, 2.1, 2.2, 2.3, 2.4 or 3 aboyc.

In that nonc of the cyclosporins of classcs 1 to 3 has

previously been proposed or recommendced for pharmaccus-
tical or therapeutic use, and in that particular cyclosporins of
classcs 1 to 3 arc indced novel compounds or cyclosporins
of cntircly novel type, the present invention also provides:

6. Cyclosporins of classes 1 1o 3 as hercinbelore specificd,
c.g. including individual cyclosporins hercin before
indicated to be novel as well as cyclosporins of groups
1a” 1a’, 1a%, 1a°, 1d, 1c and of class 2(i) and 2(iii), for
usc as pharmaccuticals.

Particular conditions/forms of chemothcrapeutic treat-
ment to which the methods of the present invention apply
includce conditions causcd by microbial, c.g. viral, bacterial,
fungal or protozoal infection, involving strains rcsistant to
on¢ or morc anti-microbial or antibiotic drug substances,
c.g. anti-viral, anti-bacterial, anti-fungal or anti-protozoal
drug substanccs.

The mcthods of the present invention arc in particular
applicable to the trecatment of cancers, c.g. of carcinomas,
sarcomas or other tumors or malignant growths, exhibiting
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induced or accquired resistance to one or more anti-cancer
chemotherapeutic drug substances, e.g. anti-neoplastic or
cytostatic agents, e.g. anthracyclines or vinca alkaloid drug
substances or the specific drug substances daunorubicin,
vincristine, adriamycin, etoposide, tenoposide and/or colchi-
cin, €.g. as a means of reducing or reversing tumor growth,
occurrence of metastases etc.

Preferred cyclosporins for use in accordance with the
present invention are those exhibiting relatively low immu-
nosuppressive activity, e.g. having substantially no immu-
nosuppressive activity at intended dosage levels or which
exhibit immunosuppressive activity of an order which is
substantially less, e.g. <50%, of that of Ciclosporin. Par-
ticular cyclosporins suitable for use in accordance with the
methods of the present invention are cyclosporins herein-
before specifically defined or recited under classes 1 to 3.

Dosages of cyclosporin to be employed in practicing the
above methods will of course vary, e.g. depending on the
condition to be treated (for example the disease type and the
nature of resistance), the particular cyclosporin to be used,
the effect desired and the mode of administration.

In general however satisfactory results are obtained on
administration orally at dosages of the order from 1 to 20 or
up to 50 mg/kg/day, e.g. of the order of from 5 to 10 or up
to 15 mg/kg/day administered once or, in divided doses 2 to
4x per day, or on administration parenterally, e.g. intrave-
nously, for example by 1.v. drip or infusion, at dosages of the
order of from 0.5 to 7.5 up to 10 mg/kg/day, e.g. of the order
of from 1.5 or 2.0 up to 5.0 mg/kg/day.

Suitable daily dosages for patients are thus of the order of
from 50 to 1,000 up to 2,500 mg p.o., e.g. of the order of
from 250 to 500/600 mg p.o., or of the order of from 25.0
to 375.0 up to 500 mg i.v., e.g. of the order of from 75.0 to
100/250 mg i.v.

Alternatively and even preferably, dosaging may be
arranged 1n patient specific manner to provide pre-deter-
mined trough blood levels, e.g. as determined by RIA
technique. Thus patient dosaging may be adjusted so as to
achieve regular on-going trough blood levels as measured by
RIA of the order of from 50 or 150 up to 500 or 1000 ng/ml,
1.e. analogously to methods of dosaging currently employed
for regular Ciclosporin immunosuppressive therapy.

Pharmaceutical compositions suitable for oral adminis-
tration of cyclosporins of classes 1 to 3 above when prac-
ticing the method of the present invention may, for example,
be prepared as follows:

INGREDIENT RELATIVE AMOUNT (g)

150
25 (dry weight value)

1) LABRAFILL M 1544 CS
1) Cyclosporin (e.g.
Cyclosporin 1.1, 1.2, 1.3,

1.11 or 1.36)
111) Ethanol (absolute) 50
1v) Olive oil ca. 237 to a

total of ca. 462.0

All ingredients are weighed directly into a stirring vessel.
Ingredients (1) and (iii) are weighed in first. Ingredient (ii) is
then added with continuous stirring until dissolution. Ingre-
dient (iv) 1s thereafter added with stirring for a further 10
mins. The obtained solution is filtered through a Gelman
Preflow Filter (400 um) at ca. 0.5 to 0.8 bar and filled into
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50 ml Rexo bottles. The bottles are sealed with a rubber cork
and cap. The entire procedure is carried out under water-free
conditions at room temperature with nitrogen gassing (0.25
bar) at all stages. The bottled solution, which is suitable for
oral administration, comprises 50 mg cyclosporin (dry
weight)/ml. The solution may alternatively be filled into
gelatin, e.g. hard or soft gelatin capsules as a means of taste
masking. Cyclosporins of classes 4 and 6 and, in particular,
individual cyclosporins of these classes hereinbefore spe-
cifically named, also exhibit pharmaceutical activity. In
particular they exhibit immunosuppressive, anti-inflamma-
tory and anti-parasitic activity as indicated in in vitro and in
vivo tests, €.g. as described below. The said cyclosporins
also possess activity with respect to experimental allergic
encephalomyelitis (EAE) in the rat, again as described
below.

EXAMPLE 4

Immunosuppessive activity:

4.1 Local haemolysis in vitro in gel [R. I. Mishell and R.
W. Dutton, J. Exp. Medicine, 126, 423-442 (1976)].
Cyclosporins of classes 4 and 6 inhibit haemolysis
zones compared with untreated controls at concentra-

tions of from 0.03 to 10.0 pg/mi.

4.2 Lymphocyte stimulation test according to Janossy and
Greaves [Clin. Exp. Immunol., 9, 483 (1971) and 10,
325 (1972)]:—=cyclosporins of classes 4 and 6 inhibit
concanavalin A stimulated DNA-synthesis (inhibition
of H>-thymidine incorporation), cell proliferation and
blastogenis in mouse-spleen lymphocytes compared
with untreated controls at concentrations of from 0.001
to 3.0 ug/ml.

4.3 Mixed lymphocyte reaction [Bach et al., J. Exp. Med.
136, 1430 (1972)]:—the reaction (i.e. proliferation and
differentiation) of lymphocytes (mouse (Balb/c) spleen
cells]on co-incubation for 5 days, with allogenic spleen
cells from irradiated mice (CBA) is measured in the -
presence and absence of test-substance, Reaction in the
absence of test-substance serves as control and is taken
as 100%. Reaction in the presence of test-substance is
expressed as the % change compared with the 100%
control reaction. Inhibition of reaction is observed

using cyclosporins of classes 4 and 6 at a concentration
of from 0.001 to 3.0 pg/ml.

EXAMPLE 5

Anti-inflammatory activity

Anti-inflammatory activity may be shown in the adjuvant
arthritis test in the rat. For this test adjuvant arthritis is
induced according to the method of Pearson and Wood,
“Arthr. Rheum.” 2, 440 (1959). Cyclosporins of classes 4
and 6 are active in this test against developing and estab-
lished arthritis at doses of from 5 to 30 mg/kg/day p.o.

EXAMPLE 6

Anti-parasitic (anti-malarial) activity

Anti-malaria test according to L. Rane, “Chemotherapy
and Drug Resistance in Malaria” ed. W. Peters, Academic
Press, New York, 1970. Mice (OFl:male) are infected on day



3,525,590

37

0 with 0.2 ml of a suspension containing 107 parasitic cells
of the specics Plasmodium berghei (strain NK 65) admin-
istered 1.p. Test substance is adminisicred s.c. on day 3, at
varying dosages using S to 10 mice/dosc, The survival time
recordcd, and the minimum effective dosage (MED) calcu-
lated by comparison of survival time with that {or untreated
controls. For controls survival time=ca. 7 days. The MED is
the dosage at which survival time is doubled. Cyclosporins
of classes 4 and 6 are cficctive in this test at dosages of from

10 to 100 mg/kg/day.

EXAMPLE 7

Action on EAE in the rat

1. Action on cstablished EAE

EAE is induccd in groups of 8 to 12 otherwisc hcalthy
male rats weighing 150 to 200 g in accordance with the
techniques described by Borcel ct al. Agents and Actions 6,
468, (1976). The rats arc kept under laboratory conditions
and arc allowed access to food and water ad libitum, Onsct
of EAE is obscrved after 10 to 13 days and is marked by
symptoms of paralysis, ¢.g. in thc hind limbs. The tcst
compound is administered to the test animals at a dosage of
from 25 to 50 mg/kg p.o. cach day [or 5 consccutive days
following EAE onsct. The rats arc cxamined daily for
symptoms of the disease and the number of recovered rats as
well as the day of rccovery noted. Obscrvation is continucd
for a further 5 to 8 weeks after commencement of trcatment
to detect any cascs of relapsc. Again the number of rclapsed
rats and the day of relapse is recorded.

On administration of cyclosporins of classes 4 and 6 in the
dosage rangc indicated above, a decreased recovery time is
noted comparcd with control groups rccciving placcbo
(olive oil) only.

7.2 Action in preventing the occurrence ol EAE

The test 1s conducted analogously to that described under
4,1 above. In this casc, however, the test compound is
administered at a dosage of from 25 to 50 mg/kg p.o. cach
day, starting at the day of sensitisation (induction of EAE)
for 14 days. The rats arc observed daily for symptoms of
paralysis, and the day of onsct of EAE in afllicted individu-
als noted. Observation is continucd over a period of months
to detect possible delayed onset of EALE.

On administration of Cyclosporins ol classcs 4 and 6 in
the dosage rangc indicatcd above prevention of onsct of
EAE, over the observation period, is observed compared
with controls treated with placebo (olive oil) only.

In view of their immunosuppressive activity cyclosporins
of classes 4 and 6 are useful for thc prophylaxis and
{reatment of discascs and conditions rcquiring reduction of
the immune response. Thus they may be used to suppress the
proliferation of lymphocytes and immunocyles, ¢.g. in the
treatment of auto-immune diseascs or in preventling the
rejection of organ transplants, e.g. hcart, heart-lung, skin,
corneal, bonc-marrow, pancreatic and kidney transplants.,

In view of their anti-inflammatory activity and activity
with respect to EAE, cyclosporins of classcs 4 and 6 arc also
uscful for the treatment of inflammatory conditions, in
particular inflammatory conditions with an actiology includ-
ing an autoimmunc component, ¢.g. for the trecatment of
arthritis (for example rheumatoid arthritis, arthritis chronica
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progredientc and arthritis dcformans) and rhcumatic dis-
cascs, as wcll as autoimmunc hematological disorder
(including c¢.g. hemolylic anacmia, aplastic anacmia, purc
red cell anacmia and idiopathic thrombocytopacnia), sys-
temic lupus crythcmatosus, polychondrilis, sclerodoma,
Wegener granulamatosts, dermatomyositis, chronic active
hepatitis, myasthenia gravis psoriasis, Steven-Johnson syn-
drome, idiopathic spruc, autoimmune inflammatory bowcl
discasc (including c.g. ulcerative coliris and Crohn’s dis-
casc) endocrine opthalmopathy, Grave'’s discase, sarcoido-
sis, primary billiary cirrhosis, primary juvenile diabetes
(diabctes mellitus type I), uvceitis (anterior and posterior),
interstitial lung fibrosis, psoriatic arthritis, glomerulonephri-
tis (with and without nephrotic syndrome, c.g. including
idiopathic nephrotic syndrome or minimal change nephr-
opathy), and multiple sclerosis.

In view of thecir anti-parasitic activity, cyclosporins of
classces 4 and 6 are also uscful for the treatment of parasitic
infcction. For cxample coccidiomycosis and schistosomia-
sis, and, in particular, protozoal infcction, cspecially
malaria.

For the above mentioned uscs the dose will, of course,
vary depending on the cyclosporin choscn, the mode of

administration, the particular condition to be treated and the
therapy desired. In general, howevcer, satisfactory results are
obtaincd on administration at an oral daily dosage {rom
about 1 to 100, preferably from about 5 to 50, most prefer-
ably 10 to 20 mg/kg animal body wcight. For thc larger
mammals ¢.g. humans, the total daily dosage is in the range
of from about 75 to about 2000, prcferably from about 200
to about 1000, most preferably from about 300 to about 700
mg. Dosage forms suitable for oral administration comprisc
from about 20 to about 2000, preferably from about S0 to
about 1000, most preferably about 75 to 700 mg cyclosporin
admixed with a solid or liquid pharmaccutical diluent or
carricr, conveniently administered once or in divided dos-
ages 2 to 4x/day.

As indicatcd abovc suitable daily dosage rates will
depend, inter al, on the particular cyclosporin chosen, ¢.g.
having rcgard to its relative potency of action, For preferred
cyclosporins of classcs 4 and 6 results 1C,, values (ug/ml)]
obtaincd in onc scrics of experiments in accordance with
cxamplcs 4 above are as follows:

METHOD O EXAMPLIY

CYCLOSPORIN 4.1 4.2 4.3
4.8 0.1 0.16 0.09
6.4 0.03 <0.008 <0.008
6.15 0.057 <0.008 <0.008

The preferred cyclosporin for use in anti-parasitic indi-
cations is cyclosporin 4.7. An ED., valuc obtaincd for this
cyclosporin in the method of cxample 6 is: ca. 15.0 mg/kg.

In accordance with the foregoing the present invention
also providcs:

7. A pharmaccutical composition comprising a
cyclosporin of class 4 or 6 as hercinbelore defined,
together with a pharmaccutically acceptable diluent or
carricr therefor,

8. A mcthod of inducing immunosuppression, for the
trcatment of inflammatory discases or conditions or for
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the treatment of parasitic infection, in a subject in need where A is a residue of the formula
of such treatment which method comprises administer-
ing to said subject an effective amount of a cyclosporin CH3\CH
of class 4 or 6 as hereinbeior :
| before defined; as well as . ” TRANS
9. A cyclosporin of class 4 or 6 for use as a pharmaceu- CH
tical, e.g. for use as an immunosuppressant, as an CH;
anti-inflammatory agent or as an anti-parasitic agent. o (l:H
Particular immunosuppressive, anti-inflammatory and :;\\( (R) “CH;
anti-parasitic uses to which the cyclosporins of classes 4 and 10 —N —CH—CO—
6 can be put, include any of those hereinbefore described, (|:H (S)
e.g. including any of the particular forms of organ transplant, :
inftammatory disease, autoimmune disease, Or parasitic
infection listed above. B is -a-Abu-, -Thr-, -Val-, -Nva-, or a residue of the
: | 15
We claim: formula
1. A cyclosporin of the formula
R3-—C0--(13
1A CH-—CH;
20 |
R —NH —CH—CO—
(L)
3 .’.?a:r
4 Ii*’IﬂLe“ where R, is C,_,alkyl.
3 ‘IVal | 25 2. The compound according to claim 1, which is [3'-
6 IideLeu desoxy-3'-oxo-MeBmt]'-Ciclosporin.
7 ziua 3. The compound according to claim 1, which is [3'-
., desoxy-3'oxo-MeBmi] t_.{Val]*-Ciclosporin.
| 4. The compound according to claim 1, which is [3'-
8 (D)Ala
| desoxy-3'-oxo-MeBmt]'-[Nva]*-Ciclosporin.
9 MeLleu
| S. A pharmaceutical composition comprising a therapeu-
10 MeLe : : : : :
| N 35 tically effective amount of a cyclosporin according to claim
11 MeVal 1 and a pharmaceutically acceptable carrier therefor.
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